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Hon.  Harold  L.  I ekes 

Chairman,  National  Sesources  Committee 

North  Interior  Building 

Washington,  D.  0. 

Dear  Sir, 

As  Chairman  of  the  Nev/  England  Regional  Planning  Commission  and  of  the  Maine 
and  Central  New  England  Drainage  Basin  Committees,  I  have  the  honor  to 
transmit  to  yoti  herewith  our  Report  -  lATEH  HESO'iJECES  of  NEW  ENJLAIID. 

I  comraend  this  Report  to  your  especial  attention  "because  it  is  not  merely 
a  revision  of  the  Water  Resiources  Report  (New  England  section)  of  December, 
1936  -  it  is  more  than  that.  Not  only  is  the  material  of  the  I936  Report 
brought  ixp  to  date,  but  during  the  calendar  year  of  1937  careful  research 
was  continued  and  data  never  before  available  in  printed  form  has  been  com- 
piled.  The  present  Report  can  safely  be  said  to  be  the  nearer.t  to  a  complete 
appraisal  of  the  wa,ter  resources  of  New  England  that  has  ever  been  given  to 
the  public. 

We  have  been  fortunate  in  having  on  our  staff  during  the  period  of  gathering, 
analysing  and  compiling  data  several  technicians  whose  ability  as  e>ajerts 
in  the  various  water  problems  has  made  for  accuracy  and  comprehensiveness 
in  the  mtmuscript.   Following  the  compilation  of  the  report,  it  was  sub- 
mitted for  criticism  by  the  members  of  the  Drain.age  Basin  Committees,  the 
members  of  the  New  England  Regional  Planning  Comrdssion,  and  various  experts 
of  State  and  Federal  Deriartnents.   Their  criticisms  were  then  incorporated 
in  this  final  version. 

The  highest  use  we  can  wish  to  be  made  of  our  Report  is  that  it  shall  serve 
as  a  reliable  so-orce  of  information  and  guidance  for  whatever  agencies  may 
share  in  the  duty  of  developing  to  the  best  advantage  the  WATER  RESOURCES 
of  LIEW  ENGLAND. 

Very  trtily  yours. 


Victor  M.  Cutter 
Chairman 
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IITTRODrJCTlOW 


Study  of  the  Water  Heson.rces  of  New  England  is  an  important 
phase  in  the  formulation  of  a  Regional  Plan  for  this  great 
area  involving  six  states  —  covering  more  than  sixty 
thousand  square  miles. 

Tne  Basic  Regional  Plan  for  New  England  includes: 

1.  A  plan  for  a  coordinated  system  of  all  forms 
of  transportation; 

2.  A  plan  for  the  conservation  and  development 
of  water  resources; 

3.  A  program  for  land  utilization  according  to 
modern  methods  and  pructices; 

4.  A  program  for  conservation  of  forests  and 
wild]  ife; 

5.  A  program  for  development  of  recreational 
facilities,  includirig,  among  others,  inter- 
state reservations,  parkways,  foot  and 
hridle  trails; 

6.  A  draft  of  the  legislation  necessary  to 
effective  exec^xtion  of  the  plans  formulated; 

7.  Economic,  social,  anS  related  studies  dealing 
with  such  subjects,  like  po-oulation,  industry, 
and  housing,  as  are  essential  to  the  formula- 
tion of  the  "basic  Regional  Plan. 

Three  of  the  most  important  river  systems  of  New  Enrland  — 
the  Connecticut,  Merrimack  anr^  Blackstone  —  have  in  their 
drainage  basins  more  than  31.P-fo   of  the  populati-jn  of  the 
region,  30.4^  of  the  manufactn.ring,  and  a  large  percentage 
of  the  productive  agricultural  land.   They  constitute  the 
source  of  51.2^  of  the  wattr  power  generated  in  New  England. 
Through  these  same  valleys  are  transported  millions  of 
dollars'  worth  of  the  products  of  agriculture  and  industry  - 
raw  materials  and  finished  goods  —  on  main  line  railroads 
and  highways.   The  bottom  lands  of  the  major  streams  in 
the  region  are  at  once  those  areas  through  which  the  very 
lifsblood  of  the  region  flows,  and  in  which  the  very  life 
of  the  region  exists.   Water  is  basically  essential  to 
life.  Being  precio\is,  its  use  should  be  understood  and 
conserved  so  that  it  will  be  of  th^  highest  benefit  to 
those  whom  it  serves.   The  flow  of  water  knows  no  political 
boundaries,  no  state  lines.   Those  who  live  and  work  on 
the  lower  reaches  of  a  great  river  basin  are  entitled  to 
the  use  of  the  normal  flow  of  the  :7ater  unimpaired  as  to 
quantity  and  quality.   There  is  no  special  right  of  a 
people  on  the  unper  reaches  of  a  river  to  pollute  the 
water  that  is  to  flow  past  the  peopD.e  on  the  banks  below. 
Industry  that  uses  water  for  procesring  has  a  right  to 
have  clean  water  for  its  nur;'-i03es,  and  in  turn  has  an 
obligation  to  return  that  water  to  the  streanj  in  fit 
condition  for  use  by  a  neighbor  industry  doTmstream. 


In  this  region  where  recreation  and  the  allied  industries 
that  fui-nish  accessories  to  recreation  have  assijuied  so  gr-^at 
importance,  the  recreational  values  lying  dormant  in  the  great 
stream  areas  and  on  the  ocean  and  lake  shores  of  New  England 
should  be  recognized  and  reclaimed.   In  the  three  major  inter- 
state stream  valleys  alone,  a  high  degree  of  pollution  has 
rendered  great  stretches  of  the  rivers  and  their  barJcs  unde- 
sirable for  human  habitation,  much  less  for  any  type  of  recre- 
ational use.   In  all  the  major  valleys  floods  have  cost  hun- 
dreds of  millions  of  dollars  in  property,  soil,  and  time  lost. 
The  gradual  control  of  these  floods  through  construction  of 
detention,  flood  control,  water  supply  or  power  reservoirs  on 
the  upper  reaches  of  the  streams,  through  removal  of  channel 
obstructions,  and  through  building  of  dykes  and  levees,  and 
the  control  of  erosion  through  intelligent  planting  and  har- 
vesting of  timber  and  other  crops,  constitute  a  problem  of- 
fering a  CHALLENGE  TO  THE  FORESIGHT  OE  THE  NET7  EIJGLAKI)  PEOPLE 
AlID  TO  THEIR  ABILITY  TO  COOPERATE  ON  MATTERS  OP  COlvCvION  ECONOMIC 
AND  SOCIAL  INTEREST. 

That  the  determination  of  the  best  social  and  economic  uses   of 
the  water  resources  of  New  England  is  a  regional  problem  is  ob- 
vious; similarly,  no  plan  for  construction  of  reservoirs  can 
be  made  that  does  not  influence  the  location  or  relocation  of 
some  form  of  transportation  service,  some  kind  of  property  use 
in  which  there  is  an  economic  interest,  —  farms,  industries, 
dairies,  or  homes.   The  compact  settlement  of  New  England,  plus 
the  interrelation  of  the  flow  lines  of  industry,  transportation, 
trade  and  recreation  with  the  flow  lines  of  water,  increases 
the  complexity  of  this  regional  problem. 

Shortly  after  the  formation  of  the  New  England  Regional  Planning 
Commission,  the  Chairman  appointed  a  Water  Resources  Committee 
to  indicate  the  basic  information  needed  and  to  formulate  the 
water  policy  of  the  Commission.   This  Committee  (by  way  of  co- 
operating with  the  P.W.A.  state  engineers)  examined  and  classi- 
fied Public  Works  projects  relating  to  water  resources;  recom- 
mended a  modified  form  of  the  bill  submitted  by  Representative 
William  M.  Citron  of  Connecticut  which  provides  for  Fed-:.-ral 
enabling  legislation  to  permit  the  forming  of  interstate 
compacts;  drew  up  forms  for  interstate  compacts  for  the  develop- 
ment of  water  resources  in  the  Connecticut,  Merrimack  and 
Blackstone  Rivers  basins;  drafted  a  plan  of  proced.ure  for 
conducting  investigations  in  the  Connecticut  River  valley. 
The  Commission  has  prepared  a  bibliography  of  interstate  water 
resources  information,  and  has  made  it  available  to  State 
health  engineers  and  others  concerned  with  water  resources 
problems. 

Long  before  the  flood  of  I936  the  Conuission  had  prepared 
River  Basin  Maps  and  studies  and  had  assembled  bibliographies 
of  available  material  that  had  been  compiled  from  time  to  time 
by  many  competent  authorities  on  various  phases  of  water  problems. 


Before  the  Commission  made  its  studies  of  the  Connecticut,  Merri- 
mack and  Blackstone  Valleys,  only  the  Army  Engineers  had  treated 
the  problems  of  interstate  streams  as  hasin  problems.   The  "3O8" 
Reports  submitted  to  Congress  by  the  Secretary  of  War  were  the 
only  comprehensive  studies  of  the  major  interstate  streams  in 
New  England.   However,  the  recommendations  of  these  reports 
dealt  only  with  flood  control  and  navigation  yroble;ns,  and  in- 
cluded only  those  potential  developments  of  an  interstate 
nature  which  the  Army  Engineers  considered  of  sufficient  im- 
portance to  be  carried  out  by  the  Federal  G-overnment. 

Data  and  studies  of  basic  importance  have  been  assembled  by 
the  Geological  £-arvey,  the  Weather  Bureau,  and  by  numerous 
private  and  semi-public  agencies.   This  material  has  been  di- 
gested and  correlated,  and  with  the  cooperation  of  the  Water 
Resources  Committee  a  program  for  the  assenbly  of  needed  in- 
formation has  bean  drafted.   This  sar:e  schedule  has  been  of 
use  in  setting  up,  with  trie  cooperation  of  the  W.P.A. ,  data- 
collecting  projects  in  several  states. 

Floods  causing  fully  $100,000,000  damage  struck  Few  England  in 
March,  I930.   The  Commission,  through  news  releases  and  public 
addresses  by  the  Chairman  and  Consultant,  immediately  called 
public  attention  to  the  regional  character  of  the  control 
problem,  and  was  ready  "vTith  s'.iggested  for.as  for  interstate 
compacts,  as  prenared  by  the  TTater  Resources  Counittee  of  the 
Nev/  England  Regional  Planning  Commission  in  Ai^-gust,  1935'   By 
June,  1936  all  four  states  on  the  Connecticut  River  had  created 
agencies  for  the  purpose  of  a;^reeing  on  a  form  of  compact  for 
the  control  of  floods  ar.d  the  allocation  of  costs.   On  March  ?, 
1937  Secretary  of  War  Woodring  and  General  Markhan,  Chief  of 
the  Army  Engineers,  called  the-  Governors  of  Hew  Hanpshire,  Ver- 
mont, Massacnusetts  and  Connecticut  together  at  Hartford, 
Connecticut,  and  urged  them  to  cone  to  an  early  conclusion  on 
an  interstate  agreement.   On  March  I6  —  but  eight  days  after 
the  Hartford  conference  —  the  compact  connittee*  came  to  an 
agreement. 

On  July  6,  1937  representatives  of  Kew  Hampshire,  Vermont,  Massa- 
chusetts and  Connecticut  met  in  the  State  House  in  Boston, 
signed  the  coupacts  for  both  the  Connecticut  and  Merrimack 
Rivers  and  forwarded  the  seme    to  Congress  for  ratification- 
Resolutions  for  Congressional  ratification  were  approved  by  the 
Commei-ce  Committee  of  the  Senate  and  by  the  Flood  Control  Cod- 
raittee  of  the  House,  but  had  not  been  acted  upon  by  Congress  up 
to  December  1,  1537 • 

The  New  England  Regional  Planning  Commission  and  its  Water  Re- 
sources Conmittes  and  Staff  have,  we  believe,  stimulated  and 
aroused  public  interest  in  and  understanding  of  the  comprehensive 
and  regional  character  of  water  problems  in  New  England;  have 
instigated  the  collection  of  existing  and  needed  information  on 
the  subject;  and  have  brought  together,  for  a  determination  of 

*  See  foot  note  on  following  page. 


regional  policy,  the  representatives  of  the  several  states  at 
a  stage  early  enough  to  have  had  an  important  effect  on  the 
dispatch  with  which  interstate  compacts  were  completed  and 
ratified  by  the  respective  legislatiires. 

The  making  of  a  plan  for  the  Kew  England  region  is  a  long-term 
effort  involving  the  collection  and  interpretation  by  competent 
authorities  of  a  vast  amount  of  data  on  all  interrelated  sub- 
jects and,  what  is  even  more  important,  involving  the  cooperation 
of  local,  state,  and  Federal  agencies  with  private  business, 
industrial,  and  transportation  agencies. 

The  accomplishments  of  the  Kew  '_agland  EC:^ional  Planning  Com- 
mission have  been  made  possible  by  the  cooperation  of  the 
several  State  Planning  Boards  through  their  Chairmen.  By  con- 
tinuously studying  the  needs  of  the  Region  in  the  light  of 
changing  social  and  economic  conditions,  and  by  constantly 
balancing  these  needs  in  terras  of  a  comprehensive  plan,  there 
has  been  prepared  a  long-term,  yet  flexible,  plan  for  the 
Region.   This  process  sho-old  be  followed  consistently  and 
continually.   Such  a  plan,  \?ith  revision  and  approval  by 
representatives  of  all  the  states,  can  record  at  any  given 
time  the  best  coordinated  judgment  of  authorities  on  specific 
problems  in  many  fields.   Tlius,  there  can  always  be  a  PlaJi 
for  New  England.   The  degree  to  which  it  is  effective  is  the 
degree  to  which  it  is  understood  and  the  extent  of  the  coop- 
eration which  is  achieved  in  its  constant  interpretation  and 
modification. 

The  following  report  on  the  ^ater  Resources  of  New  England  is 
an  important  addition  to  the  data  on  one  phase  of  the  New  Eng- 
land Regional  Plan.   These  data  and  the  proposals  contained  in 
this  report  are  being  studied  in  connection  with  the  data  on 
and  proposals  for  the  solution  of  recreational,  transportation, 
industrial,  social  and  economic  problems.   Thus  they  contribute 
to  the  refinement  and  improvement  of  the  PLAN  FOR  NEW  ENc^LAlTO. 

*New  Hampshire:  Major  John  Jacobson,  Jr.,  Chairman  Water  Re- 
sources Board 
Richard  S.  Holmgren,  Chief  Engineer,  Water  Re- 
sources Board 
Robert  ¥.  Upton,  Attorney 

Vermont:        Ralph  E.  Flanders,  Chairman,  Flood  Compact  Board 
Walter  S.  Pent on.  Attorney 
Philip  Shutler,  Associate  Consultant,  State 
Planning  Board 

Massachusetts:   Elisabeth  M.  Herlihy,  Chairman,  State  Planning 
Board 
William  F.  Callahan,  Commissioner  of  Public  Works 
Pa\il  A.  Dever,  Attorney  General. 

Connecticut:     Edward  J.  Daly,  Attorney  General 
James  A.  lie-*? lands ,  Engineer 
Sanford  H.  Wadhams ,  Director,  State  Water 
Commission 
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TABLE  II 

TATEH  SiffiDS  AND  STREAM  GAGING  STATIONS 

TO  ACCOMPAinr  MAP  #2 


St.  John  E.  Basin 

1.  S-..    John  R.,  Fort  Kent,  Ke. 

2.  Allagash  H. ,  Allagash,  Me. 

3.  Fish  E. ,  Fort  Kent,  lie. 

4.  Aroostook  R. ,  Tashburn.  Me. 
St.  Croix  R.  Basin 

5.  St.  Croix  fl. ,  Vanceboro,  Me. 

6.  St.  Croix  E.,  Baile/vil]e.  lie. 

7.  Grand  Lake  Stream,  Grand  Lake 
Strean:,  I,;e. 

Machias  R.  Basin 

8.  Machias  R. ,  Whitneyville,  Me. 

9.  E.  Machias  E. ,  E.  liachiac,  Ke. 
Union  R.  Basin 

10.  W. Branch  Union  E. ,  Amherst,  V.e, 
Penobscot  R.  Basin 

11.  W.  Branch  Penobscot  E. ,  Cilli- 
nocket.  Me. 

12.  W.  Branch  Penobscot  R. ,  Kedway,  Me, 

13.  Penobscot  E. ,  W.  Enfield,  Me. 
Branch  Penobscot  H. ,  Grind- 


14. 


Me. 


15. 


16. 


Mattawamkeag  E. ,  Mattawainkeag,  He. 

Piscataquis  B. ,  Foxcrof t ,  Me. 
17.  Piscataquis  R. ,  H^dford,  Me. 
IS.  Sebec  E. ,  Sebec,  He. 

19.  Pleasant  R. ,  Milo,  Me. 

20.  Passadumlceag  R. ,  Lowell,  Me. 
Kennebec  R.  Basin 

21.  Moosehe.nd  L.,  east  outlet,  ,Me. 

22.  Kennebec  R. ,  Moosehead,  He. 
The  Forks,  Ke. 
Bingham,  Me. 
Waterville,  Me. 

26.  Dead  E. ,  The  Forks,  Me. 

27.  Austin  Stream,  Bin^ara,  Me. 

28.  Carrabassett  E. ,  N.  Anson,  Me. 

29.  Sandy  R.,  Mercer,  Me. 

30.  Sebasticook  E.,  Pittsfield,  Me. 

31.  Cobbosseeco..lee  Stream, Gardiner,  Mi 
Androscoggin  E.  Basin 

32.  Androscogfin  R. ,  Gorham,  N.H. 

33.  Androscoggin  E. ,  Humfo 

34.  Androscoggin  E. ,  Auburn,  Me 

35.  Magalloway  R. ,  Aziscohos  Daj 

36.  Swift  E. ,  EoxDury,  Me. 

37.  Little  Androscoggin  R. , 
So.  Paris,  Me. 

Pre sump scot  E.  Basin 


23.  Kennebec  E. 

24.  Kennebec  R. 

25.  Kennebec  E. 


Me. 


East  Br.,  Peicigewasset  R. 
Lincoln,  N.H. 

Pemigewasset  E. ,  Plymouth,  N. 
f^errimack  E. .  Franklin  Jnc,, 


4.  Merrimack  R. ,  Manchester,  N.H. 

5.  Merrimack  E. ,  Lawrence,  Mass. 

6.  Bakers  E. ,  Euirney,  N.H. 

7.  Smith  E.,  Bristol,  N.H. 

8.  L.  Winnipesaukee,  Lakeport,  N.H. 

9.  Contoocook  E. ,  Penacook,  N.H. 

10.  N.  Branch  Contoocook  E.,  Antrim,  N.H 

11.  Blackwater  R. , Contoocook,  N.H. 

12.  Suncook  E. ,  No.  Chichfister,  N.H. 

13.  Souhegan  R. ,  (->rrimack,  N.H. 

14.  So.  Branch  Nashua  R. ,  Clinton,  Mass. 

15.  Sudbiiry  R. ,  Framingham  Cen. ,  Mass. 

16.  L.  Gochituate  ,  Cochituate,  Mass. 


:  MASSACHTTSETTS  COASTAL  BASINS 

Ipswich  E.  Basin  ■ 
L.   Ipswich  E.  ,  Ips-vich,  Mass. 

Charles  E.  Basin 


D  THAtres-BUCKSTONE-TA'TCTON  BASIHS 
Taunton  R.  Basin 

I.  Taunton  E.   State  Farm.  Mass. 
■A.     Wading  R. ,  Norton,  Mass. 

Blackatone  B.  Basin 
3.   BlacAstone  E.,  Worcester,  Mass. 
■1.   Blackstone  E. ,  Woonsocket,  E.  I. 

Thames  R.  Basin 

5.  Willimantic  R. ,  So.  Coventry,  Conn. 

6.  Shetucket  E. ,  Willimantic,  Conn. 

7.  Hop  E. ,  Columbia,  Conn. 

8.  Natchaug  R. ,  Willimantic,  Conn. 

9.  QuinebaugH. ,  Quinebaug,  Conn. 

10.  Qjilnebaug  R. ,  Putnam,  Conn. 

II.  Ciuinebaug  R. ,  Jewett  City,  Conn. 

12.  Moosup  R. ,  Moosup,  Conn. 

13.  Yantic  E. ,  Yuntic,  Conn. 


E  CONNECTICUT  BASIN 


38.  Presumpscot  E.  ,  Sebago  L. 

,  Me. 

7. 

Saco  H.  Basin 

8. 

39.  Saco  E. ,  Conway,  N.K. 

40.  Saco  E. ,  Cornish,  Me. 

10. 

41.  Saco  R.,  W.  Buxton,  Me. 

11. 

42.  Ossipee  R. ,  Cornish,  Me. 

12. 

Piscataqua  E.  Basin 

13. 

43.  Salmon  Falls  E. ,  Lebanon, 

Me. 

14. 
15. 
16. 

B  H2EEIMACK  BASIN 

17, 

Conn. 

E. ,  No. Stratford,  f 

Conn. 

R. ,  Waterford,  Vt. 

Conn. 

E. ,  So. Newbury,  Vt. 

Conn. 

E.,  White  Riv.  June 

Conn. 

E.,  Turners  Falls, 

Conn. 

R. ,  Montague  City, 

Conn. 

R. ,  'Ihompsonville, 

passu 

mpsic  E.,  PassumpsK 

Moose 

E. ,  St.  Johnsbury, 

:,  yt. 
vt. 

White  E.,  Bethel,  Vt. 

White  E. ,  W.  Hartford,  Vt. 

Mascoma  E. ,  Mascoma,  N.  K. 

Ottauquechee  E. ,  No.  Hartland.Vt. 

Sugar  E. ,  W.Claremont,  N.  H. 

Black  R.,  N.Springfield,  Vt. 

West  E. ,  Newfane,  Vt. 

Ashuelot  R.,  Gilsum,  N.  H. 

AshuBlot  E.,  Hinsdale,  N.  H. 

Otter  Brook,  Keene,  N.  H. 

So.  Branch  Ashuelot  E. ,  Webb,  N. 

Millers  River,  Winchendon,  Mass. 

Millers  R. ,  Erving,  Ma<;s. 

Sip  Pond  Brook,  Winchendon,  Mass. 


Priest  Brook,  Winchendon,  Uass. 
E.  Branch,  Tully  E. ,  Athol,  Mass. 
Moss  Brook,  Wendell  Depot,  Mass. 
DeerfieldR. ,  Charleir.ont ,  Mass. 
Ware  E,  Cold  Brook,  Xass. 
7are  E. ,  Gibbs  Crossing,  Mass. 
Cl-.ic'bpee  R. ,  Bircham  Bend,  Mass. 
Swift  E. ,  West  Ware,  Mass. 
Quaboag  E. ,  W.  Erimfield,  Mass. 
Westfield  R. ,  Knightville,  Mass. 
WestfieldE. ,  Westfield,  Mass. 
Middle  Br.,  Westfield  E. ,  Goss 
Heights,  Mass. 

Westfield  Little  E. .Westfield,  Mass. 
Scantic  E. ,  Broad  Brook,  Conn. 
Farmington  E. ,  New  Boston,  Mass. 
Farmington  R. ,  Eiverton,  Conn. 
Farmington  E. ,  Tariffville,  Conn. 
Burlington  Br. .Burlington,  Conn. 
Hockanum  E. ,  E.  Hartford,  Conn. 
Salmon  S. ,  E.  Hampton,  Conn. 


F  HOUSATONIC-HUDSOH  BASINS 
Quinnipiac  R.  Basin 

1.  Quinnipiac  R. .Wallingford,  Conn. 
Housatonic  R.  Basin 

2.  Housatonic  E. .  Gr.Earrington,  Mass 

3.  Housatonic  E. ,  Falls  Village,  Conn 

4.  Housatonic  E. ,  Stevenson,  Conn. 

5.  Ten  Mile  E. ,  Gaylordsville,  Conn. 

6.  Still  R. ,  Lanesville,  Conn. 

7.  Shepaug  E. ,  Eoxbury,  Conn. 

B.   Pomperaug  E. ,  Southbury,  Conn, 

9.  Naugatuck  E. ,  Thomaston,  Conn. 

10.  Naugatuck  E.,  Naugatuck,  Conn. 

11.  Leadnine  Br.,  Thomaston,  Conn. 
Saugatuck  E.  Basin 

12.  Saujatuck  E. ,  Westport,  Conn. 
Hudson  R.  Basin 

Arlington,  Vt. 


Kill 


13.  Batt 

14.  Koosic  E.,  Adams,  Mass. 

15.  Hoosic  E. ,  Eagle  Bridge,  N.  Y. 

16.  N.  Branch  Hoosic  E. ,  N.Adams,  Mass. 

17.  WaUoomsac  E. ,  N.Bennington,  Vt. 


Lawrence  E. 

1.  L.  Champlain,  Burlington,  Vt. 

2.  Poultney  R.,  Fair  Haven,  Vt. 

3.  Otter  Creek.  Center  Ritland,  V 

4.  Otter  Creek,  Middlebury,  Vt. 

5.  Winooski  R. ,  Montoelier,  Vt. 

6.  Tinooski  R. ,  Essex  Junction,  7 

7.  Dog  R.,  Northfield,  Vt. 

8.  Mad  E. ,  M^retown.Vt. 

9.  Lamoille  E. ,  Johnson,  Vt. 

10.  Lamoille  E.,  Milton,  Vt. 

11.  Missisquoi  E. ,  No. Troy,  Vt. 

12.  Missisquoi  E. ,  Eichford,  Vt. 

13.  Lake  Memphremagog,  Newport,  ^^t 

14.  Clyde  R.,  Newport,  Vt. 
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lilA.Il'IE  EIVER  BASINS 


This  region  comprises  the  entire  state  cf  ivlaine  and  that  portion  of  ITew 
Hampshire  which  lies  to  the  east  of  the  Merrimack  Kiver  Basin.  The  head- 
waters of  several  of  the  streams  extend  either  into  Hew  Har.pshire  or  Can- 
ada. The  drainage  tasins  considered  se^^arately  in  this  section  are  the 
St.  John,  St.  Croix,  Eastern  Maine  Coastal,  Penohscot,  Central  Maine 
Coastal,  Kennebec,  Androscoggin,  Presumpscot,  Saco,  Piscataqua  and  Maine- 
New  Hampshire  Coastal.  'The  St.  John  and  St.  Croix  watersheds  are  inter- 
national, and  the  Androscoggin,  Saco  and  Fiscataqna  are  interstate  streams. 

The  area  to  the  north  and  west  of  a  line  running  northeast  from  the  White 
MoTintains  to  Mt.  Katahdin  and  thence  north  to  the  St.  John  Kiver  is  an  ex- 
tensive plateau  region  with  an  altitude  approximately  1000  feet  ahove  sea 
level.  From  this  imaginary  line  the  land  slopes  toward  the  coast  in  an 
easterly  and  southerly  direction.   The  topography  of  this  coastal  slope  is 
extremely  irregular,  being  characterized  by  many  hills,  valleys,  ponds  and 
lakes.   The  shore  line  is  very  uneven,  as  is  borne  out  by  the  fact  that  the 
coastline  of  Maine  consists  of  about  2500  miles  of  tidal  shore  while  the 
air-line  distance  is  about  250  miles. 

The  shore  to  the  south  of  Portland,  Maine,  is  in  general  sandy  and  there 
are  numerous  extensive  beaches  which  stretch  along  the  distance  from  Port- 
land Harbor  to  the  mouth  of  the  Hampton  River  in  New  Hampshire.   Eastward 
from  Portland  Harbor,  the  shore  becomes  increasingly  rocky  and  rugged.   The 
unusual  tidal  range,  averaging  20  feet,  which  occurs  along  the  northeast 
coast,  coupled  with  the  many  good  sized  bays  in  this  sector,  has  suggested 
the  possibility  of  d.-veloping  tidal  power  in  this  locality. 

The  total  area  of  th-  r^^gion  is  about  34,900  square  miles,  of  which  32,600 
square  miles  are  in  Maine  ind  2300  square  miles  are  in  Ne--;  Hampshire.  For- 
est growth  covers  between  70  and  80*?,  of  the  area,  located  principally  in 
the  northern  two-thirds  of  the  rf.'^ion.   There  are  more  than  1400  rivers  and 
streams  and  more  than  2200  ponds  ;::nd  l-kes  with  v/ater  surfaces  comprising 
close  to  1500  square  miles.   The  result  of  the  addition  of  artificial  stor- 
age to  this  existing  natural  storage  has  b^en  to  give  a. high  development  of 
storage  per  square  mile. 

Floods  on  the  Maine  rivers  occur  for  the  m.ost  part  in  the  spring  and  are 
occasioned  by  heavy  rainfall  and  melting  sno\7.  Up  to  March  1936,  flood 
flows  had  not  been  excessive  cjid.   no  flood  prior  to  that  date  had  catased 
damages  in  excess  of  $500,000.  Damages  were  confined  principally  to 
bridges  and  other  structures  which  impeded  the  flow  of  the  stream.   The 
damages  from  the  1936  flood  totaled  nearly  $8,000,000. 

The  water  power  of  Maine  constitutes  one  of  its  most  valued  resources.   It 
is  estimated  that  over  1,000,000  horsepower  are  available  for  economic  de- 
velopment, and  of  this  amount  over  675^000  horsepower  are  at  present  devel- 
oped by  installations  of  over  100  horsepower  capacity. 
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A  peculiar  fratur^'  of  the  ro'7r^r  f;it'i..:j.tion  in  this  r-^^ion  Ib  that  the  I'r.ine 
str-tutes  fort  id  the  tx^ort-.tion  of  -my  oo".7er.   Ibis  limits  the  expansion  of 
public  utility  cor.'panif-^s.   In  ■  n  v.vr-rage   yi^ar  th-^re  is  a  surplus  of  second- 
ary power  for  v.-!- ich  th^re  is  r.  la.tively  little  d.  r,;  J.d  -.7ithin  the  sti-.to  of 
Maine,  prime  poY/ar  hein^  at  present  the  only  powc::r  vhich  finds  a  market. 
The  limitation  irposed  ty  the  Maine  Statute  has  an  important  retarding  in- 
fluence on  the  d^-'elopm-'nt  of  pot'-ntial  po-;*^.r  sit.-'n  on  Jviine  rivers. 

rhe  I'ugfed  coastline  of  '.'aire,  •ffith  its  inn^irr.f  ratle  hu-.-s  and  hartors,  af- 
fords excellent  navigation  op-iortunities.   Ovrr  100  miles  of  navigable  tide- 
■vater  rivers  are  used  for  '7atf="r-borne  coinr:erce.   Present  facilities  are, 
in  gr-neral,  adequate  for  tTie  accommodation  of  vessels  although  some  improve- 
ments, such  as  construction  of  br'^ulcjaters  and  df^epening  of  channels  aj.d 
anchorages,  are  nreded. 

l>Ii,unerous  low-lying  marshlands  along  the  coast  tafford  ideal  mosquito  breed- 
ing places.   The  attractivenens  of  many  of  thes^^  treas  for  recreational  use 
is  lessened  by  the  presence  of  this  pest.   From  this  point  of  view,  drain- 
age of  sv/amps  and  m.arshes  */ould,  in  ma.ny  casas,  be  desirable.   Ho'/ever, 
drainage  of  these  lands  would  be  detrimental  to  wildlife  conservation  in 
that  it  would  destroy  the  natural  habitat  and  shelter  for  fish,  gane  amd 
Wi:.terfowl.   0-7ing  to  this  conflict  of  interests,  the  drainage  problem  in- 
volves the  relative  values  of  reclamation  and  wildlife  protection. 

Hecreaticn  draws  anmially  into  this,  region  a  volume  of  business  exceeding 
$100,000,000.   This  business  is  scattered  through  all  parts  of  the  area, 
with  m.ost  intensive  concentrations  in  the  coastal,  mountain  and  inland  lake 
regions,   a^creational  services  stand  clearly  as  the  highest  social  and 
economic  activities  possible  in  many  of  t^ese  coastal,  lak:e  and  mountain 
areas. 

Pollution  from  untreated  domestic  sewage  and  industrial  wastes  presents  a 
problem  which  is  becoming  increasingly  imoortent  in  its  relation  to  the 
use  of  rivers  and  lakes  for  recreationa-l  pxirposes.   The  rivers  are  so 
large  in  proportion  to  the  population  and  industrial  developments  along 
their  banks  that  they  can  absorb  without  deleterious  results  most  of  the 
sewage  and  trade  wasteg.   The  moderately-sized  cities  and  towns  along  the 
rivers  do  not,  as  a  rule,  contribute  sewage  in  amounts  sufficiently  large 
to  overburden  the  diluting  capacity  of  the  rivers;  and  it  is  in  only  a  few 
localities  that  nuisances  are  found.   However,  with  the  growing  population 
density  in  various  industrial  centers,  the  point  is  being  approached  where 
objectionable  sanitary  conditions  will  result.   Of  all  the  rivers  in  Kaine . 
the  Androscoggin  presents  the  most  urgent  oroblem. 

With  respect  to  public  water  sup-olies  the  present  needs  of  the  region  are 
mostly  of  local  significance.   The  m.any  la.kes  and  ponds  scattered  through- 
out the  area  afford  adequate  surface  sources,  and  in  most  s^-ctions  under- 
ground water  can  be  easily  obtained.   Lf^ss  than  a  dozen  communities  where 
there  are  as  many  as  200  houses  are  without  public  supply  systems.   In 
nvimerous  cases  establishad  systems  need  o'xtv^nsions  and  improvements, and  in 
a  few  cases  the  locatinn  of  new  or  supplementary  sources  of  supply  wjl]  be- 
come necessary  if  ncpulation  growth  continues. 
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ST.  JOHN  BASIN 


gea'eeal  description 


The  St.  John  Kiver  Basin,  the  largest  tet-.-een  the  St.  Lawrence  and  the  Sus- 
quehanna, has  a  total  rlrainage  area  of  26,000  square  miles,  of  which  ahout 
7200  square  miles  cover  the  entire  northern  section  of  the  state  of  Maine. 
The  river  rises  in  the  mountainous  region  between  Maine  and  Canada,  and, 
from  the  junction  of  the  northwest  and  southwest  branches,  where  the  river 
first  takes  its  name,  tc  the  junction  with  the  St.  Francis  Kiver,  a  distance 
of  about  90  miles,  its  generally  northeast  course  lies  wholly  -.vithin  the 
state  of  Maine,  although  a  portion  of  its  tributary  drainage  is  in  Canada. 
Eastward  from  the  mcuth  of  the  St.  Francis  Eiver  almost  to  Grand  Falls,  New 
Brunswick,  a  distance  of  about  70  miles,  the  river  forms  the  international 
boundary  line  between  the  United  States  and  Canada. 

At  a  point  about  three  miles  above  Grand  Falls  the  river  leaves  the  interna- 
tional boundary  and  flews  southeasterly  through  New  Brunswick  for  about  200 
miles,  entering  the  Bay  of  Fimdy  at  St.  John.   The  total  length  of  the  river 
is  about  450  niles,  of  which  about  160  miles  is  in  the  United  States. 

The  St.  John  basin  is  predominantly  a  plateau  region,  sloping  gradually 
northeastward.   More  than  two- thirds  of  the  area  is  1000  feet  or  more  in  el- 
evation, while  only  a  small  portion,  along  the  A.roostook  Eiver,  has  an  alti- 
tude of  less  than  500  feet.   In  the  eastern  portion  of  the  basin,  the  terrain 
is  comparatively  level  in  the  floor  of  the  river  valley,  but  gradually  becomes 
hilly  and  undulating,  and  finally  merges  into  flat  country  I  ordering  the 
Aroostook  Eiver.   Above  the  mouths  of  the  St.  Francis  and  the  Allagash  Elvers 
the  basin  is  diversified  by  highlands. 

Clays  and  slates  are  found  throughout  75-^  of  the  basin,  the  prevailing  rocks 
in  the  eastern  part  of  the  area  being  limestone  and  slate,  with  patches  of 
granite,  coarse  rock  and  sandstone.   The  overburden  is  corn-nosed  of  glacial 
drift  and  clays.   The  whole  region  has  the  characteristics  of  glaciated 

topography. 

Over  75^,i  of  the  St.  John  basin  is  under  a  heavy  forest  cover,  of  which  soft 
woods  are  the  predominant  type.      Little  virgin  timber  remains,  but  lumbtring, 
particularly  for  pulp  wood,  is  still  the  most  iir.port.-int  industry  in  the  valley, 
Timber  cut  in  the  more  remote  portions  is  driven  down  the  str'^ams  and  tribu- 
taries to  mills  along  the  main  river.   Ten  r,ercent  of  the  total  area  is  crop 
land,  located  in  the  towns  a].ong  the  Aroostook  Eiver  a.nd  the  international 
portion  of  the  St.  John. 

The  annual  precipitation  ranges  from  about  31  inches  at  Konlton  to  over  36 
inches  at  Van  Buren.   These  amo'-ints  are  somewhat  less  than  occur  in  other 
parts  of  New  England.   The  precipitation  of  the  summer  and  early  fall  ex- 
ceeds that  occurring  during  other  parts  of  the  year.   The  temperature  varies 
considerably  according  to  the  distance  from  the  ocean.   The  average  winter 
temperature  is  from  5°  to  15°  -md  the  summer  temperature  from  60°  to  55°. 
The  growing  season  is  usually  between  90  and  1^0  days. 
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The  three  principal  l»Iaine  tributaries  to  the  St.  John  are  the  Allagash,  Fish, 
and  Aroostook  Rivers.   The  Allagash  rises  in  the  laJces  of  northern  Piscataquis 
County  and  flows  north  a  distance  of  about  80  miles  through  wild  uninhabited 
country  to  the  St.  Jolin,  which  it  enters  about  10  miles  upstream  from.. the.  in- 
ternational boundary.  The  natural  drainage  area  of  the  Allagash  is  about  l490 
sq;aare  miles,  but  the  runoff  from  the  2^0  square  miles  of  this  area  which  drain 
into  Chamberlain  and  Telos  Lakes  has  been  diverted  to  the  East  Branch  of  the 
Penobscot  River. 

The  Fish  Riyer  rises  in  central  ^iroostook  County  £:jid  follows  an  irregular  ■ 
co-orse  through  many  lakes,  the  largest  of  which  is  Eagle  Lake,  to  its  conflu- 
ence with  the  St.  John  River  at  jTort  Kent  on  the  Canadian  border.   The  area 
drained  by  the  Fish  River  compristjs  about  Z^O   sq'ojire  miles  of  largely  wooded 
country. 

The  Aroostook  River  rises  in  north  central  Maine  and  winds  through  a  compara- 
tively level  country  for  about  120  miles  in  a  generally  northeast  direction 
to  the  Canadian  border  cuid  then  east  about  five  miles  to  join  the  St.  John 
River.  About  235O  square  miles  of  the  drainage  area  is  in  Maine. 

Discharge  records  are  kept  by  the  U.  S.  Geological  Survey  in  co-operj,tion 
with  the  state  of  Maine  at  four  gaging  stations  on  the  St.  John  and  its 
tributaries.   Detailed  data  for  these  stations  can  be  found  in  the  U.  S. 
Geological  Survey  Fa.ter  Supply  -t^apers,  Part  I — North  Atlantic  Slope  Basins. 
The  figures  in  Table  III-A  are  summarized  from  unpublished  records  in  the 
office  of  the  District  Eiigineer  at  Augusta  and  from  the  published  Papers  of 
the  Stirvey. 

The  hydrograph  on  Chart  1  shows  the  average  monthly  runoff  during  the  last 
10  years  at  Fort  Kent  on  the  St.  John  !River.   The  average  runoff  over  a  ten- 
year  period  from  the  drainage  area  of  569O  square  miles  at  this  station  is 
1.7^  cubic  feet  per  second  per  sqiiare  mile. 


HUMAN  OCCUPAUCY 

Population     The  Maine  portion  of  the  watershed  had  a  population  of  only 
80,000  in  1930*   This  meant  that  one-fourth  of  tne  state  area  contained  only 
one-tenth  of  the  total  state  population.   Three-fourths  of  the  basin  is  un- 
inhabited, but  the  northeastern  .aroostook  potato-growing  region  has  a  popu- 
lation density  of  about  30  per  square  mile.   Between  1920  and  I93O  the  popu- 
lation, nine-tenths  of  which  is  rural,  increased  about  "J fa,    or  twice  as  fast 
as  the  state  as  a  whole. 

The  region  contains  only  four  towns  of  ^000  to  10,000  population  -  Caribou, 
Presque  Isle,  Fort  Fairfield  and  Koulton  -  all  important  trading  centers  in 
the  potato-growing  area.   Van  Buren  (pop.  U72I)  .•:md  Fort  Kent  (pop.  U726)  and 
Madawaska  (pop.  3533),  all  located  on  ,tiie  St.  Joim  River,  are  the  only  other 
towns  with  more  than  2560  inhabitants. 

The  rate  of  population,  increase  for  this  basin  between  I9OO  and  193*^  was  about 
1+5^,  three  times  that  for  the  entire  state.   The  rate  fell,  however,  from  23^ 
between  I9OO  and  I9IO  to  7.«J  between  I92O  and  I93O.  Relative  changes  of  town 
populations  for  this  period  are  shown  on  map  7-A.   These  trends  and  the  agri- 
cultural possibilities  of  the  region  indicate  a  much  higher  rate  of  increase 
for  the  future  here  than  elsewhere  in  the  state. 
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Af-ri culture     Chitside  of  the  wilderness  region  rural  territory  comprises  14 
towns  and  plantations  with  populations  ■bet\7een  1000  and  2500,  and  many  hamlets 
and  farming  dirtricts.   The  foundation  of  farming  in  Aroostook  County  is  its 
potato  crop,  which  ajrjounts  to  over  four-fifths  of  the  state  crop  and  atout 
one-eighth  of  the  crop  of  the  entire  country.   Its  value  in  1933  was  nearly 
$25,000,000  -  about  half  as  much  as  the  value  of  Maine's  pulp  and.  paper 
products.   The  average  value  of  farm  land  in  this  section  is  double  that  of 
land  in  the  state  as  a  vrhoLe.   The  potato  industry  gives  emrjloyment  to  about 
50^  of  the  workers  engaged  in  farming  in  all  of  Maine  and  accounts  for  the 
relatively  large  population  and  the  prosperity  of  Aroostook  County. 

Agricultural  development  depends  on  success  in  growing  and  marketing  the  po- 
tato crop.   Continued  improvement  in  marketing  methods  is  important  on  ac- 
coujit  of  severe  competition  from  the  West 

Industry  .   Aside  from  a  limited  amount  of  manufacturing  in  which  forest 
products  are  utiliz-Bd,  there  is  very  little  manufacturing,  the  total  produc- 
tion value  for  193?  being  less  than  $6,000,000.  Most  of  the  plants  are  lo- 
cated on  the  St.  John  Eiver.  Remotnness  from  sources  of  supplies  of  materi- 
als other  than  timber,  as  vrell  as  from  markets,  precliides  any  extensive 
industrial  development  excopt  In  the  prod:j.ction  of  pulpv,-ood  and  lumber. 

As  there  are  no  large  undeveloped  water  poTrers,  there  are  no  special  induce- 
ments for  manufacturers  to  locate  at  sites  along  these  rivers  rather  than  on 
rivers  in  southern  Maine. 

Mining     Mining  enterprises,  once  active,  are  very  lir.ited  ?nd  consist  of 
the  extraction  of  small  amounts  of  lime  for  fertilizer. 

Lumbering     Although  a  cor.oaratively  small  industry,  luribering  is  at  present 
important  on  account  of  the  volume  of  spruce  that  is  cut  for  pulpwood.   Also 
a  large  amount  of  timber,  principally  spruce,  is  taken  out  and  floated  to 
mills  located  rjong  the,  principal  rivers.   To  roet  the  needs  of  log  driving, 
conservation  of  prater  is  regarded  as  a  vital  problem. 

Recreation     The  vast  wilderness  in  this  watershed  offers  exceptional  op- 
portunities for  canoeing,  fishing,  and  hunting  of  large  and  small  gajne.  Fa- 
cilities for  visitors  are  available  in  numerous  sporting  csunps  located  on  the 
many  lakes  ^uid  streams.  On  account  of  its  comparative  remoteness  this  section 
is  not  visited  by  so  many  vacationists  as  the  more  southerly  parts  of  Maine, 
but  it  is  probable  that  improved  transportation  conditions  will  lead  to  in- 
creased tise  of  its  recreational  resources. 

Transportation     Water  transportation  is  practically  confined  to  the  flota- 
tion of  pulpwood  and  lotrs  to  mills  6n  the  St.  John  Eiver  and  tributaries.  Be- 
cause lumbering  is  the  all-iir/portant  industry  of  the  region,  sufficient  flow- 
age  for  driving  logs  down-strean  to  points  of  use  is  a  vital  question  and  takes 
precedence  over  any  other  feature  of' river  development. 

The  settled  northeast  soction  of  the  basin  is  served  by  one  state  and  one 
Federal  Highway  nj.nning  north  and  south  which  connect  with  Bangor  and  other 
points  in  Maine  as  well  rs  with  Canadian  routes  along  the  northern  and  eastern 
boundaries.   Tl^e  poor  condition  of  some  of  the  secondary  roads  and-  the  lack 
of  farm-to-market  roads  are  handicaps,  especially  to  commercial  trucking. 
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Railroad  transportation  is  provided  ty  the  Bangor  and  Aroostook  E.  B.  con- 
necting Houlton  and  points  north  with  Bani-~;or.   Connections  to  New  Br^inswick 
points  are  provided  by  branches  of  the  Canadian  Pacific  Railway  running  to 
Houlton  and  up  the  St.  John  River  to  Presque  Isle.   There  is  urgent  need  in 
the  interest  of  agriculture  and  trade  for  improved  railroad  service  and 
lower  rates. 

Scheduled  air  service  has  recently  been  established  from  Bangor,  through 
Houlton  to  Presque  Isle  and  Caribou.  Landing  fields  now  in  operation  in 
these  towns  are  used  also  to  a  considerable  extent  for  non-scheduled  flying. 


WATER  USE  AND  CONTROL 

Pollution     Above  the  confluence  of  the  i^llagash  and  St.  John*Eivers  the 
Ma.ine  portion  of  the  St.  John  basin  is  virtually  iininhabited,  as  most  of  the 
30,000  people  living  in  the  watershed  occupy  the  lands  to  the  east.   The 
largest  town.  Caribou,  has  a  population  of  7248,  and  only  seven  other  tovms 
have  populations  exceeding  2000. 

Pollution  conditions  of  the   rivr  hfive  not  been  intensively  studied  and  con- 
sequently there  is  little  information  available  either  in  Maine  or  Canada, 
Any  complete  appraisal  of  sanitary  conditions  in  the  St.  John  basin  must  be 
made  on  an  international  basis.   The  information  now  available  indicates  that 
the  condition  is  not  serious  except  with  respect  to  the  curtailment  of  fish 
life  in  the  main  strearas.   Although  it  is  uncertain -whether  a  river  investi- 
gation v/ould  disclose  conditions  the  cost  of  corrrotion  of  which  would  be 
justified,  nevertheless  there  is  nefd  for  the  col'' action  of  additional  data. 

Table  IV-A,  shows  that  ?ort  Kent  (pop. 4726),  Van  B-iren  (pop. 4721),  and  Ash- 
land (pop. 2198)  are  the  largest  towns  7/ithout  sewer  systems. 

Only  t-.7o  communities  treat  their  seT7age.   Presque  Isle,  on  the  Aroostook 
River,  has  the  most  moriern  disposal  works  in  the  state.   Washburn,  a  short 
distance  upstream  from  Presque  Isle,  also  treats  its  sewage,  but  by  anti- 
quated methods.   Houlton  (pop. 5365)  discho-rges  raw  sewage  to  the  Mediixnn^'eag 
River,  which  joins  the  St.  John  at  Woodstock,  New  Brunswick.   If  consideration 
could  be  given  to  the  provision  of  partial  treatment  of  Houlton' s  sewage  it 
would  constitute  an  importiJit  step  in  a  program  of  abatement  of  industrial 
pollution. 

The  largest  single  aanrce  of  industrial  pollution  is  the  waste  from  the  pulp 
and  paper  mills  at  Madawaska.   There  are  c\   number  of  starch  factories  in  the 
basin,  four  of  them  in  Fort  Fairfield,  the  wastes  from  which  have  a  decided 
affinity  for  oxygen  and  are  therefore  deleterious  to  the  abundant  fish  life 
in  this  region;  also  the  discharge  of  raw  or  partially  treated  domestic 
sewage  into  the  lakes  and  ponds  of  this  area  is  detrimental  not  only  to  fish 
life  but  to  general  sanitation  as  well. 

Water  Supply     Many  of  the  larger  communities  in  the  basin  are  served  by 
semi-public  T/ater  supplies  drawn  mostly  from  surface  sources;  in  a  few  cases 
the  water  is  chlorinated.   Towns  com.prising  53-%  of   the  basin  population  have 
supplies.  These  towns  are  listed  in  Table  V-A. 
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The  popiilations  of  the  larger  comnunitifis  rhicn  do  not  have  supplies  are: 


Ashland 

219s 

Monticello 

IU67 

Eagle  Lake ' 

17  SO 

2t.    Francis 

1367 

St.  ^i^atha 

1596 

Maple ton 

1283 

Prenchvilld 

1525 

Walla^rass 

IIU5 

The  census  figures  do  not  indicate  the  population  increase  durin^^  tht  summer 
due  to  vacationists.   The  towns  listed  above  mi-^ht  well  contemplate  the  con- 
struction of  water  systems  for  protection  of  the  public  health  and  prevention 
of  fire.   Tliere  is  ample  opportunity  for  developing  new  siirface  and  ground 
water  supplies,  altho-ugh  the  terrain  in  the  settled  regions  is  flat. 

Various  industria].  processes,  particularly  paper  manufacture,  present  vjater 
supply  problems  which  must  be  recognized  in  any  summary  of  conditions  in  the 
St.  John  basin. 

Flood  Control     Flood  flov/s  on  the  St.  John  have  not  been  high  nor  have 
flood  losses  been  great.   The  low  flood  damage  is  due  to  the  fact  that  there 
are  few  structures  within  the  flood  plains,   ^rne  L'arch,  13ji6,    flow  was  the 
largest  on  record  at  Washb'orn  on  the  Aroostook  River,  but  at  the  other  three 
gaging  stations  in  the  basin  the  maximum  flows  occurred  in  1933-   Tlie  dis- 
charge in  May,  I923,  may  have  exceeded  the  1933  •'^nd  193^  flows  as  it  did  on 
the  rivers  to  the'  south,  but  no  records  are  available  for  that  year. 

Most  of  the  area  has  not  been  topographically  mapped,  and  only  approximate  in- 
formation is  available  regarding  the  possibilities  for  storage.  A  report  of 
the  International  Commission  suggested  that  in  many  cases  dams  be  raised  and 
indicated  what  stor.age  increase  might  be  obtained  th6r2by.   Table  IX-A  shows 
the  pos:jible  additional  amounts  of  storage  for  the  several  lakes  and  ponds  on 
the  tributaries  of  :he  St.  John  River  as  /^civen  in  that  report. 

This  river  is  more  usef-.il  for  10c.--driving  than  for  any  other  purpose  and  con- 
sequently, in  any  consideration  of  development,  affecting  regulation  and  con- 
trol of  stream  flow  on  the  river,  precedence  eho-cild  be  given  to  this  use.   For 
more  than  a  cent^ary  Maine  rivers  have  been  intensively  used  for  the  transpor- 
tation of  logs  from  the  forests  to  the  saw  and  pulp  mills.  Many  improvements 
and  devices  have  been  established  to  facilitate  this  important  commercial  use 
of  the  river.  Hov/ever,  its  rocky  channel  and  numerous  shallov;s  j^a-ke  log  driv- 
ing difficult  and  haz.^rdous.  Development  of  storage  would  improve  conditions 
by  increasing  the  stream  flow  d'oring  the  log  driving  season;  hence  fut\u-e 
storage  developments  would  be  of  benefit  to  log  driving  as  well  as  to  power 
and  to  flood  control. 

rov/er     Although  the  upper  two-thirds  of  the  St.  John  basin  is  high  plateau, 
the  slope  of  the  river  is,  with  few  exceptions,  comparatively  uniform,  so 
that  there  are  few  sites  on  the  main  river  where  "development  of  water  power 
would  be  feasible.   The  same  is  true,  to  a  lesser  degree,  on  the  tributaries. 
The  total  developed  and  undeveloped  power  in  the  St.  John  basin,  as  given  in 
the  1928  report  of  the  Maine  Public  Utility  Commission,  is  5^1650  horsepower. 
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According  to  the  U.  S.  Geological  Siirvey's  •unpublished  liGt  of  Water  Powers 
in  Maine,  only  1290  horsepower  are  at  present  developed.  This  is  developed 
by  the  Caribou  7/ater,  Light  and  Power  Company,  at  Caribou,  on  the  A.-.'Oostook 
River,  with  a  wheel  installation  of  lOUO  horsepower,  and  by  a  small  mill  at 
Houlton,  on  the  south  branch  of  ttie  Meduxnekeag  River,  with  an  installed 
capacity  of  25O  horsepower. 

In  the  upper  St.  John,  above  the  mouthof  the  Allagash,  the  slope  of  the  river 
is  fairly  uniform,  averaging  about  5  or  6  feet  per  mile.   In  this  area  there 
are  but  few  opportunities  for  storage,  vliich  fact,  coupled  with  the  small 
amount  of  fall,  raalies  the  available  power  of  little  consequence. 

About  360  feet  of  fall  occm'  in  the  Allagash  River  in  the  77  miles  below 
Chamberlain  Lake.   Between  Churchill  and  Long  Lakes,  a  distance  of  about 
6  miles,  there  is  a  fall  of  approximately  100  feet,  and  between  Long  Lake 
and  Round  Pond,  a  distance  of  10  miles,  there  is  a  fall  of  UO  feet.  The 
extensive  fall  in  the  Allagash,  together  with  its  fine  storage  facilities, 
affords  the  best  opportunities  foi'  power  development  to  be  found  on  any  of  the 
tributaries  of  the  St.  Johji  River. 

The  possibilities  for  storage  on  Fish  River  are  adequate  to  enable  good  regu- 
lation of  the  flow  in  the  river  and  hance  to  make  available  a  considerable 
increase  in  prime  power  at  the  sites  between  Sagle  Lake  and  the  river's  mouth, 
in  which  distance  of  12  miles  a  fall  of  80  feet  occurs. 

The  St.  Francis  and  Madawaska  Rivers  offer  small  possibilities  for  power 
development  but  there  are  in  these  basins  good  storage  facilities  which  would 
benefit  sites  on  the  main  river  btlow. 

The  fact  that  so  large  a  proportion  of  the  available  power  is  still  unde- 
veloped is  due  in  no  small  measure  to  the  physical  and  economic  character- 
istics of  the  region.   Sparsely  inhabited,  and  remotely  situated  with 
respect  to  markets  and  sources  of  raw  materials,  the  demand  for  power  in 
this  region  is  very  small.  Furthermore,  there  is  little  rural  electrifica- 
tion in  this  section.   Any  increased  demand  for  power  in  the  Aroostook  re- 
gion is  met  at  present  by  plants  located  on  the  rivers  to  the  south,  because 
the  extension  of  transmission  lines  to  this  northern  area  has  proved  more 
economical  than  the  construction  of  new  plants  within  the  basin.  Although 
the  supply  of  electrical  pov/er  in  the  St.  John  vall-^y  is  adequate  for  present 
needs,  it  might  be  possible  to  ootain  power  more  economically  by  redeveloping 
some  of  the  existing  sites. 

Any  heav;>'  increase  in  demand  for  power  in  this  area  will  be  due  either  to 
an  influx  of  manufacturing  plants  or  to  a  marked  extension  of  rural  electri- 
fication.  Here,  too,  the  location  of  this  area  with  respect  to  markets 
and  sources  of  raw  materials  makes  improbable  any  significant  increase  in 
industrial  development.   Furthermore,  without  an  appreciable  reduction  in 
rates,  it  is  unlikely  that  rural  electrification  in  this  area  will  become 
extensive.   In  view  of  the  unpromising  future  for  increased  power  require- 
ments, additional  water  p0T;er  installationK  on  this  river  are  not  anticipated. 
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MONTHLY  HYDROGRAPHS  FOR.  REPRESENTATIVE  STATIONS 
MAINE  RIVERS 


19  27       r       1928       I        1923       I        "|S30      I        1931        I        IsiaZ       I        1933       I        'ysSX~\         TsSS       I       I93C 


ST.  JOHN  RIVER  AT  VAN   BEUREM,MA1WE 
Drainage  oraa  1^0270  sq.mi 


1933        1        1934- 


MONTHLY  HYDROGRAPHS- FOR  REPRESENTATIVE  STATIONS 
MAINE  RIVERS 


MAXIMUH>I 


MACHIA5   RIVER   AT  WHITNEYVILLE.MAINE 
Drainaqe  arsa  m^gSaq^mi. 


PERIOD   OP     YEA-RS 


Erosion     Over  half  the  area  in  Maine  whioh  has  suffered  the  loss  of  from 
one-fourth  to  three-fourths  of  the  topnoil  lies  in  Aroostook  County.  Practi- 
cally all  of  these  600,000  acres  are  drained  hy  the  St  John,  although  a 
small  section  in  the  vicinity  of  Island  Falls  is  drained  ty  the  Penobscot. 
Moderate  sheet  erosion  is  active,  and  extensive  areas  have  been  attached  by 
occasional  ^illius.  Corrective  practices,  now  being  applied  in  some  locali- 
ties, must  eventually  extond  to  nearly  al]  the  potato  farms  in  the  Aroostook 
region. 

tJavigation  The  navigable  waters  of  the  St.  John  lie  wholly  in  Canada,  and 
are  not  sufficiently  affected  by  conditions  obtaining  in  the  Maine  portion  of 
the  basin  to  vrarrant  consideration  of  them  in  this  reDort,  • 

Drainage     The  scattered  locations  where  artificial  drainage  is  desirable  are 
almost  wholly  restricted  to  those  where  in.proveri.ents  are  needed  to  reduce 
local  mosquito  nuisances.   Nowhere  is  the  n^iisance  so  great  as  to  demand  im- 
mediate action. 

Recreation  The  rocreationist  or  sportsman  who  prefers  a  gen- 

uinely wild,  and  uninhabited  forest  region  finds  satisfaction  in  the  streams 
comprising  the  headwaters  of  the  St.  John  system.   This  wild  area  extends 
over  approximately  5000  square  miles  of  the  basin.   There  are  only  two  prac- 
tical means  of  visiting  and  exploring  the  section  ' —  the  canoe  and  the  pon- 
toon-oquipped  aeronlane.   S'nortsmen,  in  recent  seasons,  have  made  a  steadily 
increasing  use  of  the  aeroplane  to  reach  the  lakes  and  ponds  sprinkling  the 
forested  regions  of  the  St.  John  watershed.  The  Maine  Forest  Service  and  the 
Deuartment  of  Inland  Fisheries  and  Gam.e  have  acquired  planes  for  efficient  and 
prompt  adniinistration  of  their  duties  in  thr-  extensive  Maine  wildla-^ds,  of 
which  the  St.  John  drains  about  one- third.   Although  the-  aeroplane  has  opened 
a  practical  means  of  transportation  for  the  hurried  or  lazy  individual  who 
wishes  to  enjoy  the  wilderness,  the  adventurous  still,  pole  and  paddle  canoes. 
The  famous  Allagash  River  canoe  trip,  145  miles  long,  and  the  St.  John  River 
trip,  201  miles,  demand  inigged  self-sufficiency  but  return  in  full  measure 
natural  beauty  and  sport.   While  hotels  and  sporting  camps  have  exploited  the 
Aroostook  and  Fish  River  valleys,  they  have  thus  far  penetrated  the  upper  St. 
Jolin  for  only  a  few  miles  above  the  St.  Frincis  River. 

D-Ae  to  low  population  density  of  the  St.  John,  most  of  the  wildlife  and  recrea- 
tional assets  of  the  basin  have  escaped  destruction.   The  outstanding  problem 
is  how  to  safeguard  these  assets  and  at  the  same  time  to  encourage  reasonable 
recreational,  agricultural  and  industrial  expansion. 
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ST.  CROIX  5... -3 IN 


&ENBRAL  EESCRIFTIOIT 

The  St.  Croix  Eiver  is  foriped  "by  the  junction  of  the  tipper  St.  Croix,  or 
East  Branch,  and  the  West  Branch.   The  East  Branch  flows  out  of  the  Chiput- 
neticook  Lake  system  in  a  southerly  direction  to  Calais,  at  the  head  of 
tidewater.   The  West  Branch  ris^s  in  the  Grand  Lakes  system,  in  west  central 
Washington  County,  and  flows  easterly  for  25  miles,  meeting  the  East  Branch 
about  20  miles  above  Calais.   The  total  drainage  above  Calais  is  about  1470 
square  miles,  of  which  1050  square  miles  are  in  Maine.   The  total  length  of 
the  waterway,  including  both  tranches,  is  100  miles.   The  length  of  the  basin 
is  about  60  miles;  its  breadth  50  miles. 

The  basin  is  generally  1ot7  in  elev.'.ition  .ind  comparatively  level,  except  for 
some  rolling  eoimtry  along  the  northern  divide.   Numerous  lakes  throu.ghout  the 
watershed  have  a  total  area  of  136  square  miles,  or  more  than  13^  of  the  drain 
nge   area  in  Maine . 

The  bedrock  is  principally  granite  and  limestone.  The  only  soils  of  agricul- 
tural value  are  silt-loams  and  clays  along  the  lower  reaches  of  the  river,  the 
overburden  of  the  remainder  of  the  area  being  stony  soil.  Less  than  10^  of 
the  area  is  in  pasture  or  crop  land,  the  remainder  being  heavily  wooded  or 
cut  over. 

The  precipitation  in  the  St.  Croix  basin  averages  about  41  inches  yearly,  with 
slightly  less  rainfall  in  the  spring  and  early  summer  than  during  the  rest  of 
the  year.  The  average  winter  temperature  is  from  16°  to  20°,  and  the  summer 
average  about  65°. 

There  are  no  large  tributaries  to  the  St.  Croix  Eiver  other  than  the  East 
Branch  and  West  Branch  mentioned  above,  which  unite  to  form  the  main  river. 
The  East  Branch  has  a  drainage  area  in  Maine  and'  Canada  of  644  square  miles, 
50  square  miles  of  which  are  water  area.   The  West  Branch  drains  674  square 
miles,  of  which  85  square  miles  are  water  area.   The  average  fall  of  the 
river  between  the  lake  outli,->ts  and  tidewater  at  C-lais  is  about  7  feet  per 
mile,  much  of  which  is  concentrr;.ted  at  a  fex:   ooints. 

Discharge  records  are  kept  at  three  stations  by  the  U.  S.  Geological  Survey 
in  cooperation  with  the  state  of  Maine.   Detailed  data  for  these  gaging  sta- 
tions can  be  found  in  the  U.  s.  Geological  FJurvey  Water  Supply  Papers,  Fart  I 
—North  Atlantic  Slope  Basins.   The  figures  in  Table  III-A  aro  summarized 
from  ^inpnbl:.shed  records  in  the  office  of  t}.e  District  Engineer  at  Aneusta 
and  also  from  the  published  papers  of  the  Survey. 

The  hydrograph  on  Chart  ]  shows  th.e  average  montl-ly  runoff  during  the  past 
10  years  at  Baileyville,  M-iine.  The  average  n^noff  from  the  drainage  area 
of  1320  squ-u-e  miles,  over  a  ten-year  period,  is  ] .56  cubic  feet  per  second 
per  square  mile. 
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HITMMT  OCCUPANCY 


Population     In  1930  that  portion  of  the  St.  Croix  Basin  lying  in  Maine  had 
a  population  of  approximately  IP^.QOO  'iJid  an  avera-je  density  of  about  12  per 
square  mile.  With  the  exception  of  Cnlais,  the  principal  town,  with  a  popu- 
lation of  5,470,  there  is  no  urhan  population;  the  only  othfir  r.izable  town 
is  Baileyville,  with  2017  inhabitants.   Ihe  rein;:ining  inhabitants  are  found 
in  a  few  small  villages  alon^  the  lower  river  and  in  scattered  farm  and 
forest  locations. 

The  loss  or  ,e;ain  of  population  by  towns  between  1920  and  1930  is  indicated  on 
Map  7.   Of  24  towns  14  lost  in  this  TDeriod,  the  total  net  decline  for  the 
watershed  being  1000  inhabitants.  No  towns  gained  consistently  between  1900 
and  1930.  As  tlie  villages  depend  principally  on  snsall  manufacturing  enter- 
prises for  their  existence,  there  will  probably  be  a  further  decline  in  the 
number  of  inhabitants  unless  there  is  a  revival  of  manufacturing. 

Agriculture     The  basin  contains  about  350  farms,  comprising  less  than  10^ 
i^f  the  total  area,  and  located  for  the  most  part  in  the  soiithern  section. 
The  average  value  of  farm  land  in  the  basin  is  considerably  below  the  state 
average,  and  farm  revenue  for-  the  entire  basin  totals  about  $350,000  per  year. 
Dairy  products  and  blueberries  are  the  urincipal  sources  of  farm  income. 

Industry     Tiie  limited  amount  of  manufacturing  is  confined  to  that  of  pulp 
and  paper,  lumber  products  and  shoes.   There  are  also  two  small  plants  where 
farm  and  sea  products  are  canned.   In  all,  only  about  1000  people  are  em- 
ployed in  these  industries. 

No  expansion  of  manufacturing  is  likely  unless  general  conditions  justify  the 
building  of  new  plants  or  the  re-building  of  existing  plants.   This  is  a  re- 
mote possibility  because  the  region  is  so  far  from  population  centers. 

Mining     There  are  granite  quarries  in  Calais  and  in  one  other  town,  and 
one  lime  quarry.   The  volume  of  production  is  small. 

Lumbering     Lumbering  is  an  important  activity,  the  chief  product  being 
pulpwood.   Tl^ere  are  also  prodiaced  ceciar  ties  and  pine,  spruce  and  hardwood 
logs,  the  output  in  1934  amounting  to  about  1,500,00':^  board  feet.   -lardwood 
products  are  generally  3xport^?d  and  the  softwood  are  used  locally. 

Fishing     The  canning  of  sea  food  is  car^-ied  on  on  a  small  scale,  giving 
employment  to  less  than  200  people.  Aside  from  this  activity, fishing  is  of 
little  importance  due  to  lack  of  accessible  markets. 

Recreation     Tho  St.  Croix  basin  includes  the.  main  portion  of  the  Grand 
Lake  Stream  region,  the  second  largest  wildlife,  area  in  New  England.  Moose, 
bear,  deer,  waterfowl,  trout,  bass,  salmon  and  pickerel  abound  In  this  famous 
hunting  and  fishing  '-round.   A  few  sporting  euros  cater  to  the  public  but 
there  is  very  little  development  for  other  recreational  activities.   This  is 
probably  due  to  the  fact  that  it  lies  so  near  the  seashore  rei-orts  of  ^ew  Pruns 
wick  and  of  the  Penobseot  Bay  region. 
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?vajisport3.tion     Tiie  St.  Croix  River  is  navigable  from  its  outlet  in  Passa- 
maquoddy  Bay  to  Calais.   The  channel  depth,  9  feet  at  mean  low  water,  accom- 
modates comraernial  vessels.   The  moderate  volume  of  traffic  is  principally 
in  pulpwood  and  coal. 

A  trunk  highway  crosses  the  basin  throu^^h  Calais  and  the  settled  areas  to 
the  northern  section  and  provides  the  chief  mediuiQ  of  contact  with  outside 
points.   This,  with  connecting  public  aiid  private  roads,  is  adequate  to 
meet  present  requirements,  but  redevelopment  nas  been  recommended  as  desir- 
able in  anticipation  of  future  needs- 
Railway  transportation  in  the  basin  is  provided  by  a  line  of  the  Maine  Central 
from  Bangor  runnin,:,:  alon,;^  the  coast  to  Calais  and  by  the  main  line  of  the 
Elaine  Central  from  B-angor  to  the  Provinces  which  crosses  the  St.  Croix  River 
at  Vanceboro. 

There  is  no  scheduD-sd  air  transportation  in  this  basin  and  only  one  landing 
field,  at  C^ilais.   An  airway  development  has  been  suggested,  howe\-er,  from 
Bangor  through  Calais  to  thi,  maritime  provinces.   Due  to  the  semi-wilderness 
character  of  the  terrain  and  to  the  many  Itikes  in  the  area,  planes  on  floats 
would  normally  be  preferable  to  land  planes. 


WATER  USE  AND  CON-fROL 

Pollution     Baileyville  and  Calais  are  the  only  communities  in  the  basin 
that  laave  pop-ulations  of  more  than  200.0.   These  two  communities  are  the 
principal  sources  of  domestic  and  industrial  pollution,  and  the  pulp  and 
paper  industry  at  Baileyville  makes  that  town  the  largest  single  contributor 
of  manufacturing  waste. 

Little  is  known  of  the  details  of  pollution  problems  on  the  Maine  side.   Any 
complete  study  of  this  river  should  take  into  account  the  volume  and  char- 
acter of  wastes  discharged  in  the  Canadian  portion  of  the  watershed  as  well 
as  in  the  Maine  portion. 

If  recreational  developmerts  become  extensive,  the  sanitary  conditions  of  the 
lakes  may  require  investigation.   The  preservation  of  the  existing  fish  hab- 
itats in  Grand  Lake  stream  and  other  waters  is  important,  and  precautions 
shoiild  be  taken  to  guard  against  all  pollution  which  is  detrimental  to  fish 
life. 

Water  Sup  Jly    The  two  largest  comra-unities ,  Calais  and  Baileyville,  con- 
taining GOfo   of  the  basin  population,  have  water  supply  systems.  Baileyville 
utilizes  the  St.  Croix,  after  filtration  and  chlorination,  while  Calais  has 
ground  water  sonorces.   The  four  largest  towns  vathout  supplies  are  Princeton 
(pop. 915)  Waite  (pop.713)  Vanceboro  (pop.713)  and  Robbinston  (pop. 583).   In 
general,  the  water  supply  needs  in  this  basin  are  not  urgent,  but  if ■  they  do 
become  so,  it  will  be  poLi£,ible  to  develop  new  groijnd  and  surface  sources. 
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Flood  Control     The  relatively  large  natural  storage  in  the  basin  reduces 
materially  the  flood  hazard  on  the  St.  Croix  Hiver.  At  the  lower  end  of  the 
river  the  banks  are  s\iff iciently  high  to  keep  flood  discharges  within  the 
channel.   The  flood  of  I923,  which  caused  damage  on  streams  to  the  south  and 
west,  caused  very  little  damage  on  the  St.  Croix,  the  peak  discharge  at  Wood- 
land amounting  to  only  IJ ,'[   c.f.s./s.m.   In  I936  there  were  no  severe  flood 
conditions  on  the  river. 

The  lack  of  good  storage  sites,  the  impracticability  of  raising  water  levels 
in  the  lakes  and  ponds,  and  the  comparative  freedoai  from  flood  damages  com- 
bine to  make  unnecessary  any  flood  control  measures  for  the  St.  Croix  Hiver. 

Power     The  St.  Croix  River  has  been  developed  for  power  for  aore  tlian  a 
century.   In  the  early  dayr.  the  installations  were  confined  to  several  small 
privileges  in  the  lower  part  of  the  river,  whereas  present  developments  in 
Maine  iitilize  124  feet  of  head  and  have  a  total  installed  caoacity  of  26,760 
horsepower.  House  Docuiaent  #6^3,  yist  Congress,  3rd  Session  gives  5O3O  horse- 
power for  installations  on  the  Canadian  side  of  the  river  under  a  total  head 
of  50  feet.   Present  demands  for  power  are' fully  met  by  the  existing  develop- 
ments. 

The  principal  Ivlaine  developments  on  the  St.  Croix  Hiver  are  those  at  Woodland 
and  Grand  Falls.  At  the  former  site.  13,200  horsepov/er  are  developed  under  a 
head  of  kf   feet;  at  Grand  Falls,  the  wheel  capacity  is  12,950  horsepower,  with 
a  head  of  ^9  feet;  at  Mill  Town  there  is  a  third  development  which  amounts  to 
only  610  horsepower. 

According  to  the  Army  Engineers'  Report,  519  feet  of  head,  most  of  which  is 
on  the  Canadian  side,  can  still  be  utilized  with  wheel  installations  of  some- 
thing over  22,000  horsepower.   On  the  Araerican  side,  the  sites  which  have 
present  economic  possibilities  are  at  Mill  Town,  Earing  aiid  a  point  between  Big- 
Lake  and  Grand  Lake  on  the  West  Branch.   The  first  two  are  the  most  valuable. 
At  the  Mill  Town  site,  a  redevelopment  might  be  made  to  produce  l4,bS5  horse- 
power ^Ojo   of  the  tine  and  265O  horsepovTcr  90^  of  the  time.  Redevelopment  at 
Baring  would  produce  power  increase  of  only  I9OO  horsepower  on  a  50^  time 
basis,  and  lOUO  on  a  S^'^i   time  basis.   The  installation  between  Big  Lake  and 
Grand  Lake  on  the  West  Branch  would  utilize  a  head  of  80  feet  and  woiild  de- 
velop 21S0  horsepower  on  a  50-;;^  time  basis  and  1220  horsepower  on  a  90^  tine 
bas  i  s . 

The  basin  is  well  supplied  v.-ith  lakes  and  ponds  whose  combined  area  is  about 
136  square  miles,  or  9«25/5  of  the  total  basin.   The  larger  lakes,  controlled 
by  dans  at  the  outlets,  have  a  combined  storage  of  about  585,000  acre-feet. 
As  only  about  I/3  of  the  drainage  area  lies  below  the  outlets  of  the  lakes 
and  ponds,  correspondingly,  only  about  I/3  of  the  runoff  reaches  the  streams 
directly,  with  the  result  that  the  r^onoff  from  the  ojrea   is  considerably 
retarded. 

There  is  littlf;  opportunity  to  increase  the  existing  storage  by  raising  lake 
levels  because  their  shore;.,  are  so  flat.  Any  increase  in  lake  storage  would 
result  in  extensive  flov;agu  over  adjacent  lands  and  woiild  undoubtedly  prove 
costly. 
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Navigation     The  river  is  naviga'blL='  in  the  ik   niles  of  tidal  portion  below 
Calais.   At  Calais  the  project  depth  at  nean  low  water  is  12  feet  at  the 
lower  steanboat  wharf  and  9  feet  froci  that  point  -apstreair.  to  the  International 
bridge.   The  mean  tidal  range  of  20  feet  is  an  important  factor  in  naintaining 
an  average  navigation  season  of  about  nine  months. 

Traffic  on  this  estiiary,  during  1935.  is  reported  oy   the  Chief  of  Engineers 
to  have  been  17, 72^  tons,  of  which  nearly  one-third  consisted  of  fertilizing 
materials.  Probably  most  of  these  materials  were  bound  for  the  Aroostook 
potato  region  just  north  of  the  St.  Croix  basin. 

Srosion     The  portion  of  the  basin  lying  in  Maine  has  no  erosion  problems 
except  in  that  area  along  the  stream  between  Paring  and  Calais. 

Drainage     The  basin  is  characterized  by  swamps  and  bogs  which  stabilize 
stream  flow,  shelter  native  and  migratory  wildlife,  and  support  wood  prodiic- 
ing  stands  of  spruce,  fir,  cedar  and  tamarack.   Extensive  drainage  uould  not 
only  be  detrimental  to  the  botannical  ar.d  zoological  life  now  occupying  the 
wet  lands  but  wo'old  also  be  of  quiestionable  economic  value.   In  certain  lo- 
cations near  settlements,  drainage  to  abate  the  mosquito  nuisance  is  desir- 
able, although  the  municipalities  are  not  now  able  to  finance  such  under- 
takings. 

Recreation     Present  recreational  trends  do  not  indicate  a.clearcut 
probability  of  expansion  except  in  the  field  of  sports.   Construction  of 
fisn-ways  on  the  lower  St.  Croix  would  reopen  a  natural  travel  route  for  At- 
lantic salmon  and  other  fish.   The  entire  western  section  of  the  basin  lies 
within  the  authorized  purchase  unit  of  the  G-rand  Lake  National  Forest,  and 
when  this  area  has  been  acquired  it  will  be,  tmder  the  administration  of  the 
U.  S.  Forest  Service,  devoted  to  forestry,  wildlife  preservation,  and  wilder- 
ness recreation. 
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'EASTEEN  MAINE  COASTAL  BASIN 


GENERAL  DESCRIPTION  . 

The  Eastern  Maine  coastal  basin  comprises  the  area  drained  by  several  small 
coastal  streams  between  the  St.  Croix  and  Penobscot  basins.  The  largest  of 
these  streams  are  the  Machias  and  Union  Rivers.   The  district  is  about  100 
miles  long,  extending  inland  for  a  maximum  distance  of  about  60  miles.   The 
total  area  is  about  2550  square  miles,  Sfo   of  which  is  water  area. 

The  land  is,  in  general,  low  and  of  irregular  topography,  with  occasional 
hills  about  1000  feet  in  altituc'e.   The  principal  rock  is  granite  and  gneiss, 
with  many  local  deposits  of  metallic  pyrites.   The  soils  in  this  coastal 
basin  are  chiefly  sand  and  gravel  and  not  well  suited  to  agriculture.  Less 
than  10^  of  the  area  is  cleared  farm  land;  the  major  portion  is  covered  with 
virgin  or 'cut-over  soft  \70ods. 

The  northeast  coast  provicles  natural  tidal  basins,  with  a  total  area  of  about 
37  square  miles,  which  are  adapted  to  the  development  of  power  by  harnessing 
the  tide,  the  rise  and  fall  of  which  averages  about  20  feet. 

The  annual  precipitation,  averaging  about  42  inches,  varies  from  38  to  48 
inches,  the  greater  amount  occurring  in  the  southwest  part  of  the  basin.  The 
average  winter  temperature  is  24°  on  the  coast  and  about  18°  near  the  head- 
waters. The  summer  temperature  averages  SB''  at  the  eastern  end  of  the  basin 
and  65°  at  the  western  end. 

The  Machias  basin,  one  of  the  three  principal  river. basins  in  this  area,  is 
about  50  miles  long  and  18  miles  wide.   The  watershed  area  is  about  495  square 
miles.  The  basin  hap  numerous  small  ponds  tmd  lakes,  whose  total  area  amounts 
to  25  square  miles,  or  5."i  of  the  basin  area.  The  Machias  river  rises  in  the 
Machias  Lake  system  and  flows  southeasterly  for  about  50  miles  before  reach- 
ing tidewater  at  Mr^chias,  at  the  head  of  Machias  Bay.  The  river  runs  through 
undeveloped  forest  for  practically  its  entire  course. 

The  East  Machias  River  basin  adjoins  the  Mac;hias  basin  on  the  northeast.   The 
river  has  its  headwaters  a  short  distance  to  the  southeast  of  Grand  Lake,  in 
the  St.  Croix  system.   Its  course  is  nearly  parallel  to  that  of  the  Machias. 
The  river  flows  into  Machias  Bay  at  East  Machias,  three  miles  east  of  the 
mouth  of  the  Machias  River.   The  area  drained  by  the  river  is  iibout  280  square 
miles.  Among  the  numerous  lakes  in  the  river  system  are  Crawford,  Hadley  and 
Gardner  Lakes. 

The  Union  River  basin,  adjoining  the  lower  portion  of  the  Penobscot  basin,  is 
about  40  miles  long  and  18  wide.  The  river  is  formed  at  a  point  about  15  miles 
above  its  mouth  by  the  confluence  of  the  East  and  West  branches,  which  are, 
respectively,  25  and  35  miles  long.   Tlie  river  drains  an  area  of  496  square 
miles  including  some  54  square  miles  of  lake  and  pond  area  which  represents 
10.0^  of  the  basin  area,  a  percentage  exceeded  nowhere  .in  Maine  except  by  the 
13.1^  water  area  on  the  Prer.iimpscot  River,  Th,e  Union  river  is  tidal  from 
Ellsworth  to  Blua  Hill  Bay.  '    . 
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Discharge  records  of  the  Machias  and  East  Machias  Rivers  are  kept  ty   the 
U.  S.  Geological  Survey  in  cooperation  with  the  state  of  Maine.   Detailed 
data  for  these  stations  can  be  found  in  the  IT.  S.  Geolof'ical  S-arvey  Water 
Su-oply  Papers,  Part  I  —  North  Atlantic  Slope  Basins.   Tahle  III-A  contains 
certain  data  for  these  stations  as  summarized  from  unpublished  records  in 
the  office  of  the  District  Engineer  at  Augusta  and  from  the  published  Papers 
of  the  Survey. 

The  ?iydrograph  on  Chart  2  shows  the  av.-rage  monthly  runoff  at  Whitneyville 
over  a  period  of  10  years.   The  average  monthly  runoff  for  this  period  is 
2.14  cubic  feet  per  square  mile  from  a  drainage  area  of  465  square  miles. 


HUMAN  OCCTJPANCY 

Population     The  population  of  these  coastal  basins  in  1930  was  approxi- 
mately 50,000,  about  3000  less  than  in  1920.   The  population  density  in 
this  disttmctively  rural  and  wilderness  section  is  only  about  20  per  square 
mile.   The  settled  areas  comprise  only  the  coast,  the  eastern  section  bord- 
ering Passamaquoddy  Bay  and  the  western  section  adjacent  to  Penobscot  Bay. 

The  five  sizable  communities  of  the  region  range  from  2000  to  4500  in  popu- 
lation; of  these,  Bar  Harbor  is  the  largest  because  of  its  importance  as  a 
summer  resort.  Among  the  remaining  towns,  under  2000,  many  of  them  are 
hamlets  with  less  than  100  population,  and  some  arc-  act\ially  uninhabited. 

The  population  of  the  two  coionties  in  which  this  district  lies  has 'dropped 
in  almost  every  decade  since  1890.   In  the  decade  between  1920  and  1930 
Washington  County  lost  almost  10^,  while  in  the  same  period  Maine  as  a 
whole  gained  nearly  4^.   The  gains  and  losses  of  towns  are  shown  on  Map  7. 
Of  the  eight  largest  towns,  six  declined  in  population  between  1920  and 
1930,  and  the  only  two  that  gained,  Bar  Harbor  and  Mt.  Desert,  owed  their 
increase  to  the  fact  that  they  are  primarily  summer  resorts.  Unless  pres- 
ent indu.s  tries  are  expanded  or  new  ones  established,  it  is  probable  that 
this  area  will  continue  to  lose  population. 

Agriculture     Only  a  fifth  of  the  land  in  these  basins  is  in  farms;  of 
the  total  farm  area,  three-fourths  is  pasture  and  woodlot,  and  less  than 
one-fourth  is  in  crops.   The  soil  is  low  in  fertility  and  generally  un- 
suited  to  the  production  of  tilled  crops.   The  average  value  of  farm  land 
is  about  two-thirds  that  of  farmland  in  the  state  as  a  whole.   Although 
there  is  a  limited  amount  of  general  farming,  the  principal  source  of  rev- 
enue in  the  eastern  area  is  the  blueberry  crop,  which  accounts  for  all  or 
the  greater  part  of  farm  incomes.   Tliis  industry  has  develoiDed  rapidly  in 
the  last  fifteen  years.   The  woodlot  is  the  only  other  important  source  of 
cash  income  derived  from  farming. 

Basic  conditions  for  farming  are  so  unfavorable  that  parts  of  this  region 
constitute  a  problem  area.   One  of  the  reasons  for  this  condition  is  that 
lumbering  was  originally  the  principal  activity,  with  incidental  farming  on 
a  subsistence  basis.   When  the  lumber  supply  was  exhausted  there  was  a  de- 
cided decrease  in  population,  and  the  farmers  were  left  with  no  near-by 
market  for  their  products.   The  result  has  been  a  continuo\is  decline  in  farm 
activities  and  in   the  prosperity  of  the  entire  region. 


The  improvement  in  agricultural  conditions  is  apparently  dependent  on  the 
degree  to  which  farraers  adopt  such  procedures  as  may  he  recommended  on  the 
hasis  of  the  survey  of  rural  conditions  made  in  1935, 

Industry     Industrial  -.vork  in  these  basins  is  confined  to  lumhering,  stone- 
quarrying  and  the  operation  of  canneries.   The  canning  of  blueberries  and 
sea  foods  is  probably  the  most  important  activity  and  the  principal  source 
of  industrial  income. 

Mining     The  principal  product  is  granite,  which  is  quarried  in  several 
locations.   The  existence  of  a  silver-lead-nyrites  belt  in  this  section  hag 
led  to  the  spasmodic  operation  of  several  mines,  principally  for  the  ex- 
traction of  lead,  but  none  of  these  mines  has  been  developed  to  the  point 
of  successful  commercial  production.   There  is  little  likelihood  that  pro- 
duction will  ever  become  commercially  successful,  although  the  apparent 
value  of  mineral  deposits  is  such  as  to  warrant  further  investigation. 

Lumbering     A  large  part  of  this  territory  is  wild  forest,  primarily  spruce, 
fir,  white  pine  ;'Jid  hardwoods.   The  principal  product  is  pulpwood,  with  a 
comparatively  small  amount  of  white  pine  and  cedar  logs.   Production  is 
limited,  however,  as  conditions  are  not  favorable  for  the  establishment  of 
pulp  mills,  and  the  cuttings  have  to  be  taken  out  over  the  road  to  the  near- 
est mills.  Lack  of  suitable  tr/msportation  facilities  and  difficulty  in 
regulating  and  combining  the  output  of  small  operations  to  meet  market  re- 
quirements are  problems  which  must  be  solved  before  there  can  be  any  material 
increase  in  the  volume  of  production. 

Fishing     Fishing  was  once  an  important  activity,  at  many  points  along  the 
coast,  particularly  at  Eastport  and  Lubec.   Canning  factories  for  smelt, 
herring  and  other  fish  products  have  been  successfully  operated,  but  due  to 
competition  and  other  factors  the  market  has  declined  and  therefore  the  lo- 
cal canning  industry  has  suffered. 

The  fishing  industry  is  dependant  on-  the  development  of  a  larger  market  for 
the  products  of  can-series,  as  the  remoteness  of  the  region  from  large  markets 
practically  precludes  trade  in  fresh  fish  in'  competition  with  more  central 
ports.  ■ 

Recreation     The  wildlands  of  the  basin,  extending  into  the  Grand  Lake 
Stream  region,  attract  and,  if  properly  administered,  will  continue  to  draw 
many  sportsmen.   Some  of  the  more  accessible  inland  waters  have- been  selected 
as  summer  home  sites,  but  the  most  intensive  recreational  use  is  concen- 
trated along  the  ocean  front  in  the  western  portion  of  the  draina^te  area, 
particularly  on  Mo-int  Desert  Island  and  Penobscot  Bay.   In  the  eastern  part 
of  the  drainage  area  there  are  few  summer  homes,  and  summer  week-end  visitors 
are  not  many  because  of  the  distance  from' population  centers.   Since  the 
eastern  coast  scenery  is  especially  attractive  an  increase  in  recreational 
use  will  undoiibtedly  follow  the  improvement  of  transportation  facilities* 

Transportation     The  coast  line'  from  Penobscot  Bay  frastward  to  Passamaquoddy 
Bay  at  the  Canadian  bordeir  has  many  inlets  and  harbors.   Bar  Harbor,  on 
Frenchman's  Bay,-  can  accommodate  vessels  of  moderate  draft,  while  the  Bay 
itself  is  deep  enough  and  has  adequate  anchorage  for  deep  sea  craft.   It  is 
used  extensively  for  yachting  by  the  large  sujnmer- colony  on  Mt.  Desert. 


On  Pn,ssamaquoddy  Bay,  Eastport  Har'oor  can  accommodate  deep  draft  vessels  and 
Lubec,  another  fishing  port,  is  open  to  smaller  craft.  Both  ports  are  seri- 
ously handicapped  "by 'the  unusually  hi^^h  tiden  of  the  hay,  which  averaie;e  ahout 
18  feet. 

Through  Machias  harfcor  and  river,  Machias  is  accessihle  from  the  ocean  to 
commercial  vessels.   The  channel  in  the  four-mile  stretch  of  Union  river 
between  Ellsworth  and  Blue  Hill  Bay  has  not  been  maintained.   The  remaining 
streams  are  small  and  not  navigable  by  commercial  craft. 

The  coastal  towns  and  the  more  thickly  settled  areas  at  the  western  and 
eastern  ends  of  the  district  are  served  by  a  major  state  highway  and  im- 
proved feeder  roads.   Another  highway  crosses  the  northern  part  of  these 
basins,  and  is  connected  with  the  coastal  section  by  a  few  local  roads.   The 
system  apparently  meets  the  requirements  of  the  sparse  local  population,  but 
improvement  of  the  main  coastal  route  east  of  the  Union  Siver  is  necessary 
to  the  expansion  of  recreational  activity  in  the  area. 

The  coastal  section  of  this  area  is  traversed  by  the  line  of  the  Maine  Cen- 
tral Eailroad  from  Bangor  to  Eastport  and  Calais.   From  Ellsworth  a  branch 
line  rans  down  to  Mt.  Ler.ert  Ferry  to  serve  the  Ear  Harbor  region. 

Daring  the  vacation  season  regular  air  transport  service  is  maintained  at  the 
Bar  Harbor  airport,  at  present  the  only  landing  field  in  the  area.   As  air 
travel  from  Bangor  to  Calais  and  the  Maritime  provinces  increases,  additional 
emergency  landing  fields  will  be  needed  along  this  route. 


WATER  USE  AND  CONTROL 

Pollution     The  northern  part  of  this  area,  adjoining  the  western  boundary 
of  the  St.  Croix  basin,  lies  in  the  sparsely  populated  Grand  Lake  Stream 
wildlands.   The  population  pattern  closely  follows  the  coast  in  a  band  ten - 
to  fifteen  miles  wide.   Several  communities  have  local  sewerage  problems, 
viz.,  Lubec,  Machias,  Bar  Harbor,  Mount  Desert,  Northeast  Harbor,  and  Ells- 
worth. Pollution  concentrations  are  infrequent  since  the  discharge  of  both 
domestic  and  industrial  wastes  is  distributed  along  more  than  200  miles  of 
ocean  front.   Conditions  in  a  few  localities  need  improvement,  but  financial 
stresses  cause  the  industries  and  municipalities  to  postpone  serious  consid- 
eration of  corrective  m.easures. 

Throughout  the  unsettled  inland  section,  fish  and  game  have  already  proven 
to  be  of  distinct  recreational  value.   Maintaining  the  inland  waters'  present 
sanitary  condition  will  conserve  this  value  and  will  attract  summer  residents. 

Water  Su-oply     More  than  25  public  supply  systems  serve  the  coastal  and 
inland  communities  in  this  area;  over  half  of  these  rely  upon  lake  or  pond 
sources  and  nearly  one-third  draw  upon  springs.   The  existing  sources  of  sup- 
ply clearly  illustrate  the  adequacy  of  surface  and  ground  water  through  the 
entire  basin.   Several  large  communities  of  300  houses  or  less — Jonesport  and 
Deer  Isle  are  the  larfi-est — should  eventually  install  public  supply  systems. 
The  delay  has  been  primarily  for  financial  reasons  . 
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Flood  Ccntrol  No  flood  problems  of  inrortajice  are  to  te  found  in  this 
area.  In  the  Machias  hasin  the  forests,  lakes  and  ponds  prevent  quick  run- 
off so  that  extreir.s  floods  are  rare.  Few  economic  sites  are  available  for 
storage  reservoirs.  The  property  along  the  river  is  of  insufficient  value 
to  justify  the  cost  of  protection.  The  populated  areasof  the  towns  along 
the  river  are,  in  general,  located  on  high  ground  and  away  from  the  river, 
so  that  very  little  dajuage  results  during  freshet  flows. 

In  the  Union  River  valley  natural  conditions  minimize  flood  hazards,  and 
present  storage  is  effpctive  in  retarding  the  flood  r^anoff.   Owing  to  the 
small  amount  of  damage  from  previous  floods  and  the  lack  of  economical 
storage  reservoir  sites,  measures  for  flood  control  would  not  be  feasible. 

Power     Existing  power  dev. lopments  are  to  be  found  on  several  of  the 
streams  in  this  area.   Their  total  installed  capacities  amount  to  15,714 
horsepower,  the  largest  installation  being  at  Ellsworth  on  the  Union  River, 
where  the  nheel  capacity  is  11,220  horsepower. 

On  the  Machias  River  less  them   one-fifth  of  the  potential  power  of  the  river 
has  been  developed,  and  the  existing  installations  are  either  at  or  close  to 
tidewater.   The  largest  installation  is  that  of  the  Bangor  Hydro- Electric 
Compan,y,  at  Machias,  which  has  an  installed  capacity  of  410  horsepower.   There 
are  two  other  plants  on  the  Machias  River:  one  at  Machias,  with  an  instal- 
lation of  162  horsepower:  the  other  at  Wliitneyville,  with  an  installation  of 
330  horsepower. 

The  most  promising  undeveloped  sites  on  the  Machias  are  at  Great  Falls  and 
Holmes  Falls,  where  heads  of  20  feet  and  40  feet  respectively  could  be  devel- 
oped. The  corresponding  wheel  canacities  would  be  1000  horsepower  and  1390 
horsepower.   Owing  to  the  small  market  for  power  in  the  valley  and  the  dis- 
tance from  outside  markets,  the  improvement  of  this  river  will  undoubtedly 
be  delayed  for  some  time. 

As  the  lake  and  pond  storage  is  mostly  in  the  upper  part  of  the  Machias  basin, 
the  greater  portion  of  the  river  receives  the  benefits  of  stream  regulation. 
Of  the  55  lakes  and  ponds  in  this  system,  the  most  important  are  controlled 
by  damn  at  their  outlots.   The  total  water  storage  is  estimated  to  be  77,000 
acre- feet. 

At  East  Machias,  on  the  East  Machias  Rivor,  the  Bangor  -lydro-Electric  Com- 
pany has  an  automatic  hydro-electric  plant  with  a  capacity  of  1700  horsepower. 

The  principal  development  on  the  *Jnion  River  is  at  Ellsworth,  where  the 
Bangor  Hydro-Electric  Company  has  an  installation  of  11,220  horsepower,  de- 
veloped under  a  head  of  60  feet.   The  only  other  development  of  over  100 
horsepower  capacity  on  this  river  is  at  Ellsworth  Falls,  where  30O  horse- 
power are  developed  for  manufacturing  purposes.   Both  of  these  plants  are 
located  clo.3e  to  tidewater.   Small  plants  totalling  270  horsepower  capacity 
are  located  on  the  tributaries. 

The  upper  portion  of  the  river  has  never  been  developed,  although  there  are 
possibilities  for  additional  small  developments  which  would  total  about 
5000  horsepower.   These  sites  are,  however,  so  scattered  along  the  river 
that  it  will  be  some  time  before  there  is  any  economic  justification  for 
their  development. 
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There  are  n-umerous  lakes  and  ponds  in  the  Union  River  oasin,  the  largest  of 
which  are  located  in  the  lower  portion  of  the  watershed.   The  total  area  of 
lakes  and  ponds  is  about  5U  square  miles  or  10.9^  of  the  total  basin  area 
of  496  square  miles.   These  water  bodies,  most  of  which  are  regulated  by- 
dams  or  sluices  at  their  outlets,  provide  an  estimated  storage  of  about 
55,000  acre-feet.   In  1922,  lU4,000  acre-feet  of  additional  storage  was 
developed  by  the  construction  of  a  dain  near  Brimmers  Bridge,  a  short  dis- 
tance above  Ellsworth. 

The  Passamaquoddy  tidal  development  project  is  located  near  Eastport,  at  the 
northeastern  extremity  of  this  area.  Plans  call  for  power  generation  by  the 
use  of  a  high  level  pool,  about  37  square  miles  in  area,  in  Cobscook  Bay, 
and  by  the  construction  of  a  series  of  dams,  a  filling  gate  structure,  navi- 
gation lock  and  power  house.   The  tidal  basin  would  be  kept  at  or  near  high 
tide  level  and  power  generated  at  times  when  the  available  head  (or  dif- 
ference between  basin  and  sea  level)  exceeded  about  51'  feet.   There  would  be 
two  daily  periods  of  about  5  houi's  and  25  minutes,  or  a  total  of  nearly  11 
hours  daily,  when  no  power  would  be  generated.   It  is  proposed  in  these 
periods  to  supply  auxiliary  power  from  a  Diesel  engine  plant  or  perhaps  from 
some  utility  system,  if  available. 

The  proposed  initial  installation  of  five  units  totalling  62,500  kilowatts 
under  a  20-ft.   head,  but  about  30,000  kilowatts  under  the  average  available 
head  of  about  12  feet,  is  estimated  to  cost  about  $38,000,000  and  to  be 
capable  of  producing  about  2bl  million  kilowatt-hours  yearly  of  primary 
power  costing  about  0.92^  per  kilowatt-hour  at  stritchboard. 

A  10-Uiiit  plant  is  estimated  to  cost  about  $51, 70^1,000  and  to  be  capable  ■  of 
producing  about  5O8  million  kilowatt-hours  yearly  of  primary  power  at  a  cost 
of  0.73^  per  kilowatt-houx  at  switchboard;  a  20-unit  plant  would  cost  about 
$81,000,000  and  would  produce  about  276  million  kilowatt-hours  of  primary 
energy  at  about  0.69(2^  per  kilowatt-hour  at  s'.vitchboard. 

The  hydro  plant  would  liave,  of  itself,  no  prinary  pov/er,  and  reliance  ?/ould 
have  to  be  placed  on  auxiliary  power.   Since  no  narket  existed,  it  was  pro- 
posed to  develop  industrial  plants  for  the  manufacture  of  aluminum  and  of 
stainless  steel  to  nalce  use  of  the  power. 

The  U.  S.  Sngineers  corimenced  the  construction  of  this  project  in  1935  with 
an  initial  allotment  of  $10,000,000.   The  amount  was  later  reduced  to 
$7,000,000.   Yfork  on  the  building  of  dams  progressed  for  about  a  year  but 
was  stopped  in  the  summer  of  I936,  due  to  the  failure  of  Congress  to  approp- 
riate funds  for  carrying  on  the  work.   The  plant  which  had  been  set  up  by 
the  Army  Engineers  was  demobilized,  and  the  facilities  at  the  project  were 
turned  over  to  the  National  Youth  Administration. 
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There  are  three  waterways  in  this  section  for  which  the  Far 


Department  Engineers  record  traffic :- 


Waterway 

Lubec  Channel  (l) 
Bar  Harbor  (2) 
Stonington 


1935 

Traffic 

Tons 

12.^37 
11,768 

Ug,rJ+U 


Chief 
Commodity 

Fish 
Coal 
Granite 


Controlling  Depth 
Feet 

12 

9 

0-12 


(1)  Additional  7.876  tons,  cargoes  in  transit 

(2)  Passenger  traffic  nvunbered  6000 

The  broken  coast  has  many  other  nat'oral  harbors  used  by  fishermen  and  rec- 
reationists.   Corea  Harbor  in  the  town  of  Couldsboro,  12  miles  east  of  Bar 
Harbor,  has  been  investigated  and  the  Chief  of  Engineers'  Report  of  I936 
states  that  fionds  could  be  profitably  expended  in  deepening  the  anchorage 
basin.   Several  other  waterways  .in  this  area  havt;  been  investigated,  or 
soon  will  be.   In  general,  where  the  current  use  v;as  not  judged  great 
enough  to  warrant  present  improvement,  regional  investigation  niust  be  made 
to  determine  whether  improvements  are  necessary  in  view  of  prospects  of 
later  use. 

Erosion     Occasional  gullies  indicate  erosive  action  along  the  banks  of 
mtmy  6f  the  small  rivers  and  estuaries  in  this  region.   The  gullying  is  ac- 
companied by  slight  sheet  erosion. 

Drainage     Extensive  drainage  of  coastal  marshes  would  destroy  their  value 
as  natural  habitats  for  waterfowl  and  other  wildlife.   It  is,  however,  nec- 
essary in  order  to  abate  the  mosquito  nuisance  in  the  marshes  near  settle- 
ments.  Seeking  to  preserve  beneficial  marshes,  local  authorities  propose 
limited  drainage  where  the  mosquito  nuisance  is  severe.   The  State  Entomol- 
ogist has  suggested  that  in  the  Mount  Desert  Island  vicinity  approximately 
1200  acres  be  drained,  S50  acres  in  Couldsboro  and  32O  in  Southwest  Harbor, 
but  nowhere  else  in  thi's  coastal  basin  have  projects  been  recommended  for 
immediate  consideration.   Drainage  may  later  prove  to  be  of  value  in  re- 
claiming lands  for  blueberry  cxilturo. 


Recreation     Although  water  resources  in  the  eastern  Maine  coastal  basin 
are  vitally  linked  with  the  present  and  future  rr.creational  activities,  the 
major  recreational  problems  do  not  fall  in  the  T/ater  resources  category,  ex- 
cept in  the  case  of  fish  welfare  and  water  transportation. 
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PENOBSCOT  BASIH 


&ENEBAL  DS5CRIPTI0N 

The  renobscot,  the  largest  of  the  Maine  basins,  has  a  drainage  area  of  3570 
square  miles,  more  than  25fJ  of  the  area  of  the  entire  state.   Of  all  the 
New  England  rivers,  only  the  Connecticut  has  a  larger  drainage  area.   The 
area  of  the  Penobscot  exceeds  that  of  the  Kennebec,  the  third  largest,  by 
over  2500  square  miles.   The  basin  is  about  160  miles  long,  extending  north 
and  south,  and  has  a  maximum  width  of  aboiit  115  miles. 

The  headwaters  of  the  ri^rer  lie  in  the  mountainous  region  near  the  Canadian 
bo-ondary,  the  ragion  from  which  flow  also  the  headwaters  of  the  Kennebec  and 
St.  John  Hivers.   The  main  river  is  formed  by  the  junction  of  the  West 
Branch  and  East  Branch  at  Medway,  101  miles  above  the  mouth  of  the  river, 
and  74  miles  above  the  head  of  tidewater  at  Bangor.   The  total  distance  from 
the  extreme  headwaters  of  the  East  Branch  near  the  Canadian  border_  to  the 
nouth  of  the  river  at  Castine  is  nearly  250  miles.   The  coiirse  of  the  river 
from  Medway  to  Bangor  takes  a  generally  southerly  direction. 

The  general  elevation  of  the  bafjin  is  somewhat  lesF  than  that  of  the  Kennebec, 
and  its  topogranhy  is  fairly  uniform,  being  much  less  rugged  than  the  moun- 
tainous basins  of  the  Kennebec  and  Androscoggin.  Below  Bangor,  the  country 
is  hilly,  with  mountains  of  low  elevation.  Above  Bangor,  the  topography  be- 
comes undulating  and,  in  the  region  of  the  headv/aters,  the  co^mtry  is  broken 
with  lakes,  swjimps,  hills  and  detached  mountains.   Mt .  ICatahdin,  the  highest 
pe.ak  in  Maine,  with  an  elevation  of  5267  feet,  lies  between  the  East  and  West 
Branches.   The  num.erous  lakes  in  this  basin  have  a  total  area  of  407  square 
m.ilcs,  4,8^0  of  the  total  drainage  area. 

The  rock  formation  is  chiefly  shale,  folate  .nnd  schists,  with  some  granite 
formation  a,nd  occasional  c'eDosits  of  iron  and  lead  pyrite.   The  soils  are 
mostly  sand  and  gravel,  v/ith  silt-loam  and  clay  predominating  in  the  agri- 
cultural lands  along  the  lower  reachos  of  the  main  river. 

About  90f^  of  the  basin  is  forest  land,  much  of  which  has  been  cut  over  for 
pulp  wood.   Less  than  5fo   of  the  total  area  is  in  farr.  crop  land.   In  the 
lower  part  of  the  basin  and  in  the  Piscataq\iis  valley  there  is  extensive 
cultivation.   The  northeastern  corner  of  the  basin,  along  the  Bangor- 
Aroostook  Railway,  is  in  the  Aroostook  potato  district.   The  areas  to  the 
north  and  west  of  Hillinocket  are  forest  wilderness. 

The  mean  annual  rainfall  varies  from  37",  at  the  western  rim  of  the  basin, 
to  43"  near  the  mouth  of  the  river,  with  the  average  for  the  basin  being 
about  39".   The  average  f?ummer  temperature  is  60°  on  the  western  rim  and  65^ 
near  the  coast,  and  the  winter  temtieratnre  varies  for  these  localities  be- 
tween 12°  and  22°. 

Important  tributaries  to  the  Penobscot  are  the  East  and  West  Branches,  the 
Mattawamkeag,  and  the  Piscataquis  Eivers. 
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The  East  Branch  rises  in  northern  Piscataquis  County  and  flows  east  and  south 
about  75  miles  to  its  confluence  with  the  West  Branch,  at  Medway,  falling 
about  800  feet  along  its  course  below  Chamberlain  Lake,  at  the  headwaters. 
Its  drainage  area  of  1130  square  miles  includes  2-iO  square  miles  from  which 
the  runoff  has  been  diverted  from  the  Allagash,  Chamberlain  and  Telos  Lake 
district  of  the  St.  John  basin  to  increase  the  flow  in  the  East  Branch  avail- 
able for  logging  operations.   The  V7at'-^rshed  of  the  East  Branch  is  mostly 
wooded  and  has  slightly  over  5fo   water  area. 

The  West  Branch,  formed  near  the  Canadian  boundary  by  the  union  of  two  small 
streams,  known  as  the  North  and  South  branches,  flows  in  a  generally  north- 
easterly direction  in  its  upper  portion,  but  after  passing  through  Chesuncook 
Lake,  its  course  for  the  remainder  of  the  distance  is  southeast.   Its  length 
is  about  100  miles.   Numerous  large  lakes  are  in  this  basin,  including  Chesun- 
cook Lake  (Ripogenus  Reservoir),  Twin  Lakes  and  Millinocket  Lake.   The  water 
area  of  all  the  lakes  and  ponds  amounts  to  over  Q^i   of  the  basin  area  of  2100 
square  miles.   The  drop  in  the  river  below  Seboomook  Lake,  at  headwaters,  is 
nearly  800  feet.   'The  steepest  fall  occurs  a  short  distance  below  Chesuncook 
Lake, where  the  river  drops  214  feet  in  2.4  miles. 

The  Mattawamkeag  Eiver  rises  in  southern  Aroostook  and  northern  Washington 
Counties  and  flows  south-^est  about  50  miles  to  its  junction  with  the  Penob- 
scot at  Mattawamkeag,  abou.t  12  m.iles  below  Medway.   The  principal  lake  in 
this  area  is  Easkahegan  Lake  with  a  water  area  of  16.4  square  miles.   The 
water  area  of  the  several  lakes  is  slightly  less  than  2-%   of  the  entire  basin 
area. 

The  Piscataquis  River  rises  just  south  of  Moosehead  Lake  and  flows  very  nearly 
due  east  for  75  miles  to  its  junction  with  the  Penobscot  at  West  Enfield. 
Schoodic  and  Sebec  Lakes  are  the  largest  lakes  in  this  basin,  each  with  a. 
water  area  of  10.9  square  miles.   These,  together  with  several  smaller  lakes, 
comprise  2.Z'i   of  the  basin  area  of  1500  square  miles. 

At  num.erous  stations  on  the  rivers  of  the  Penobscot  system  discharge  records 
are  kept  by  the  U.  S.  Geological  Survey  in  cooperation  with  the  state  of  Maine. 
Detailed  data  for  these  stations  can  be  foiind  in  the  V.    S.  Geological  Survey 
Water  Supply  Papers,  Part  I  -  North  Atlantic  Slope  Basins.   The  figures  in 
Table  III-A  are  sumniarized  from  unpublished  records  in  the  office  of  the  Dis- 
trict Engineer  at  Augixsta  and  from  the  published  Papers  of  the  Survey. 

The  hydrograph  on  Chart  3  shows  the  average  monthly  runoff  during  the  past 
15  years  at  West  Enfield  on  the  Penobscot  River.   The  average  runoff  from  the 
drainage  area  of  6600  square  miles  above  West  Enfield  is  1.77  cubic  feet  per 
second  per  souare  mile. 


hTP..^AN  OCCUPANCY 

Population     The  population  of  the  Penobscot  Basin  in  1930  was  113,000, a  gcin 
of  only  1000  over  1920.   In  the  northwestern  section,  the  average  density  is 
less  than  5  people  per  square  mile;  in  the  more  thickly  settled  southern  and 
eastern  regions,  including  the  ]_ower  part  of  the  Aroostook  farming  area,  the 
average  density  is  about  30  per  square  mile.   Most  of  the  population  is  in  the 
lower  Penobscot  river  vallev. 
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'The  largest  and  most  important  manufacturing  and  trading  center  in  the  basin 
is  Bangor,  with  a  popnlation  of  28,749.   The  other  towns  of  more  than  2500 
popu.lation  are: 


Old  Town 

7266 

Brewer 

6329 

Millinocket 

5830 

Dover-Foxcroft 

3750 

Orono 

3338 

Lincoln  . 

2970 

Milo 

2912 

The  rural  population  constitutes  a'oout  tv70- thirds  of  the  total. 

Bet'.veen  1900  and  1930  the  po-oulation  increase  in  Penohscot  and  Piscataquis 
counties,  which  form  the  greater  part  of  the  basin,  was  slightly  greater  than 
the  15.^  gain  in  Maine  as  a  whole.   In  the  last  decade  of  that  period,  how-, 
ever,  the  increase  in  the  bacin  was  less  than  Ifo,   one-fourth  the  state  rate. 
Map  7  shows  that  many  towns  lost  population  in  the  period  and  that  those 
which  had  the  greatest  gains  lie  for  the  most  part  along  the  main  river.   In 
vie':?  of  past  tronds  and  of  a  predict^Kl  growth  of  luss  than  10^  for  the  entire 
state  in  the  next  twenty-five  years,  only  a  mioderate  increase  in  this  area 
may  be  e.^oected. 

Agriculture     Farm  Itind  covers  a  small  portion,  one-eifhth,  of  the  water- 
shed, and  only  two-thirds  of  that  area  is  tilled  Ifind  and  pasture,  the  re- 
mainder being  woodland.   Its  value  per  acre  (land  ;.nd  buildings,  1935  valua- 
tion) is  about  $23  as  against  the  state  average  value  of  $30.   The  average  * 
size  of  a  farm  is  about  125  acres.   Livestock  ...nd  forest  products  form  im- 
portant sources  of  farm  income. 

Both  farm  population  and  the  number  of  farms  increased  between  1930  and  1935. 
This  trend,  common  to  all  New  Englf-nd,  is  probably  due  to  the  decline  in 
manufacturing  activity.   There  is  no  indication  that  there  will  be  further 
increase  in  farming  activity.   There  ;.ire  a  number  of  rural  problem  areas  on 
the  borders  of  forest  land,  and  these  have  been  recommended  as  subject  for 
further  study. 

Industry    'Forests  are  the  basis  of  industrial  development  in  the  watershed. 
Although  the  production  of  timber  has  drooped  to  a  relatively  small  amount, 
forest  and  water  resources  are  the  most  valuable  assets  of  the  region.  Fulp 
and  paper  mills  and  wood-using  industries  along  the  Penobscot,  particularly 
at  Bangor,  em.ploy  over  half  of  the  8000  industrial  workers  of  the  basin. 
There  are  also  various  small  industries,  including  manufactorioa  of  textiles, 
shoes  and  machinery.   In  1933  the  value  of  products  r.:anufactured  in  the  basin, 
of  which  pulp  and  paper  formed  the  greater  part,  was  about  15;5  of  the  total 
value  in  the  state. 

The  rate  of  decrease  in  tho  value  of  manufactured  products  in  this  basin  be- 
tween 1929  and  1933  was  somewhat  greater  than  the  rate  in  the  entire  state. 
This  may  be  accounted  for  by  the  fact  that  the  pulp  and  paper  industries  suf- 
fered a  severe  decline  in  that  period  because  of  competition  from  outside 
sources  in  the  production  of  newsprint.   Recovery  will  be  largely  dependent  on 
improvemont  of  conditions  in  the  paoer  industry.   Changes  involving  the  man- 
ufacture of  finer  grades  of  -oaper  than  newsprint  are  being  made  by  some  mills. 


Mining     Iron  sulphide  nnd  lead-pyrite  are  found  in  the  central  part  of  the 
basin.   The  most  successful  raining  venture  Mas   that  carried  on  by  the  Katahdin 
Iron  Works  during  the  middle  of  the  last  century.   There  are  a  few  small  lime, 
granite  and  slate  quarries  nov.-  in  operation.   On  the  "basis  of  general  surveys 
it  is  believed  that  further  investigation  of  the  mineralized  areas  of  the 
northern  section  of  the  basin  is  justified. 

Lumbering     Intensive  lumbering  has  for  more  than  a  century  been  the  most 
influential  factor  in  the  development  of  the  Penobscot  basin.   Bangor,  the 
center  of  the  industry,  at  one  time  claimed  to  be  the  world's  largest  lumber 
export  point.   In  the  past  enormous  quantities  of  forest  products  have  been 
procured  from  this  area.   With  the  depletion  of  virgin  forests  and  competition 
from  other  regions  the  production  of  long  logs  for  lumber  has  steadily  de- 
clined in  this  basin  and  in  the  entire  state,  until  now  aboiit  three-fourths  of 
the  timber  cut  in  the  Penobscot  area  is  pulpwood.   The  assessed  value  of  piilp 
and  paper  mills  along  the  Penobscot  in  1954  was  about  $5,500,000;  of  the  saw 
mills  and  lumber,  about  $1,000,000. 

The  status  of  Maine  forests  and  the  conditions  in  the  lumber  industry  indi- 
cate that  pulpwood  will  for  some  time  continue  to  be  the  principal  forest 
product.   The  extensive  areas  of  sprice  and  fir  along  waterways  suitable  for 
log  driving  have  led  to,  and  will  continue  to  justify  heavy  investment  in 
pulp  and  paper  mills.   Increased  liimber  production  will  depend  on  the  estab- 
lishment of  more  industries  manufacturing  wood  products  and  on  the  adoption 
of  modern  competitive  methods  of  production  and  marketing. 

Fishing     There  are  no  commercial  fishing  resources  in  the  Penobscot  Basin. 

Recreation     The  Penobscot  Basin  links  nearly  all  types  of  Maine's  recrea- 
tional attractions.   The  westerly  and  northerly  tributaries  drain  a  part  of 
the  northwestern  Maine  plateau  commonly  referred,  to  as  "big  woods,"  while  the 
easterly  tributaries  rise  in  that  part  of  the  wildland  region  known  as  Grand 
Lakes  District.   Finally  the  river  empties  into  Penobscot  Bay,  renowned  for 
its  attractive  rugged  shares  and  picturesque  islands. 

In  the  extensive  forest  lands  of  the  basin,  the  water  surface  of  lakes  and 
ponds  aggregates  over  400  square  miles.   The  diversified  recreational  possi- 
bilities of  the  basin — hunting  and  fishing,  canoeing,  mountain  climbing,  camp- 
ing, and  touring  depend  directly  upon  its  water  resources. 

Transportation     The  Penobscot  5iver,  navigable  for  the  2''  miles  from  Penob- 
scot Bay  to  Bangor,  has  a  controlling  channel  depth  of  14  feet  at  mean  low 
water,  a  depth  sufficient  to  meet  present  traffic  needs.   Above  Bangor  on  the 
main  river  and  on  the  tributaries  water  transportation  is  limited  to  the 
floating  of  logs  to  saw  mills  and  pulp  mills.   This  is  a  major  function  of  the 
waterways  and  an  indispensalbe  feature  of  the  logging  industry.   The  mainten- 
ance of  stream  conditions  suitable  for  log  driving  has  involved  h;">avy  invest- 
ment and  is  regarded  as  the  prime  factor  in  the  development  of  water  resources. 

The  principal  cities  and  towns  of  the  lower  basin  are  interconnected  by  an 
adequate  highway  network.   Except  for  the  main  route  to  the  Aroostook  region, 
the  northern  portion  of  the  watershed  is  '?ithout  roads  other  than  those  pri- 
vately built  for  lumbering  operations. 


56 

The  main  line  of  the  Meine  Central  Railroad  from  Bangor  to  the  Maritime 
Provinces  ttxtis   up  the  Penobscot  valley  and  thence  to  Vanceboro  in  the  St, 
Croix  hasin.   The  Penohscot  basin  is  also  crossed  from  north  to  south  by  the 
Bangor  and  Aroostook  Railroad  And  from  east  to  west  by  the  line  of  the  Cana- 
dian Pacific  Bailway  which  connectf;  St.  John  and  Montreal.  Between  Ma.tta- 
wamkeag  and  i/anceboro,  the  latter  line  operates  on  the  Maine  Central  tracks. 

Scheduled  air  transport  service  is  now  provided  the  year  round  from  Boston  to 
Bangor,  and  from  there  to  Millinocket  and  Aroostook  Coionty  points.  Ir.  summer 
this  service  is  extended  to  include  Bar  Harbor,   Operation  on  the  Trans-Canada 
airway,  which  crosses  this  bnsin  approximately  along  the  line,  of  the  Canadian 
Pacific  Railway,  is  scheduled  for  the  near  future..  Development  of  airways 
from  Bangor  to  Moosehead  Lake  has  been  suggested  by  the  Maine  State  Planning 
Board.  Existing  landing  fields  are  located  at  Bangor,  Brownville  and  Milli- 
nocket. 


MTEF.  USE  AND  CONTROL 

Pollution     A  population  of  about  10,000  discharges  sewage  into  the  river 
at  Millinocket,  East  Millinocket ,- Lincoln,  Howland,  Old  Town  and  O.rono,  while 
nearly  35,000  people  in  Bangor  and  Brewer  add  to  the  domestic  wastes  in  the 
Penobscot  at  the  head  of  tidewater.   Probably  the  most  deleterious  industrial 
wastes  entering  the  river  are  from  pulp  and  paper  mills,  of  which  nine  employ 
3500  persons,  although  eight  woolen  mills  with  1300  'Torkers,  four  fertilizer 
plants,  and  fifteen  creamery,  ice  cream  or  pasteurization  plants  discharge 
wastes  which  contaminate  the  river. 

In  a  sfudy  of  Maine  rivers  made  in  19.30  bacterial  concentration  was  ■shOTrri  tn  be 
about  1000  per  100  cc  in  the  Penobscot  from  Millinocket  to  Old  Town.  From 
here  to  below  tidewater  there  was  a  substantial  increase.  Pollution  is  so 
great  as  to  make  necessary  filtration  of  the  water  supplies  for  Millinocket, 
Old  Town  ;\nd  Bangor.   The  1930  study  shows  that  in  a  stretch  of  the  river  be- 
low Millinocket  the  discharge  of  untreated  pulp  and  paper  wastes  reduces  the 
dissolved  oxygen  content  nnd  destroys  the  -olankton  (a  source  of  fish  food)  so 
that  fish  life  is  endangered,  .The  importance  of  the  fishing  grounds  tribu- 
tary to  the  main  stream  is  such  tha.t  the  effect  of  mixed  wastes  on  fish  food, 
life  and  migration  is  so  serious  as  to  require  remedial  measures.   The  points 
at  which  domestic  and  industrial  wastes  em.pty  into  the  river  are  listed  in 
Table  IV-A. 

There  is  a  point  at  which  it  is  no  longer  economical  to.  purify  water  for 
potable  use;  this  point  has  apparently  been  reached  with  reference  to  the 
river  near  Bangor.  The  remedy  is  purification  of  domestic  and  industrial 
wastes  before  discharge  into  the  .river  at  Orono  and  Old  Town;  the  treatment  of 
Bangor  sewage  is  also  desirable.  Partial  treatment  of  industrial  wastes 
above  Old  Town  is  needed  to  redbace  the  biochemical  oxygen  demand. 

Public  health  and  industrial  authorities,  althougli  fully  aware  of  the  sani- 
tary problem,  have  believed  it  untimely  to  press  correction  measures,  in 
view  of  the  inability  of  local  industries'  and  municipalities  to  assume  large 
financial  responsibilities. 
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Although  the  treatment  of  polluting  matter  places  a  financial  iD-urden  on  muni- 
cipalities and  industry,  reco,,;nition  must  be  made  of  the  direct  income  de- 
rived from  the  transient  population  which  uses  these  areas  for  various  recre- 
ational purposes.   Since  this  use  will  continue  only  so  long  as  the  natural 
advantages  are  unimpaired,  considerable  financial  outlay  is  warranted. 

The  first  attack  upon  the  Penobscot  pollution  problem  should  be  a  complete 
sanitary  survey  of  the  principal  streams,  lakes  and  ponds.   After  collecting 
information  concerning  the  degree  amd  sources  of  contamination  throughout  the 
basin,  it  will  be  necessary  to  select  practical  methods  of  reducing  pollution 
to  the  lowest  degree  economically  justifiable. 

Water  Supply     The  to?ns  served  by  organized  water  systems  contain  51^  of 
the  total  basin  poptdation  of  155,500.   The  majority  of  these  systems  are 
serai-public;  have  surface  water  sources;  and  employ  sand  filtration  or  chlor- 
ination,  or  a  combination  of  both.   Bangor,  with  a  population  of  2S,7^9  gets 
its  drinking  water  from  the  polluted  Penobscot  River  and  hence  is  forced  to 
subject  the  water  to  thoroijgh  treatment.   The  bacterial  load  on  the  pirrifi- 
cation  plant  is  high  on  account  of  the  enormous  quantity  of  organic  industrial 
waste  which  must  be  removed.   The  next  largest  supply,  that  of  the  Penobscot 
Water  Company,  serves  Brewer,  Orono  and  Veazie.   It  is  taken  from  Chemo  Pond 
and  is  physically  unsatisfactory  because  of  periodical  high  color  and  taste. 
Old  Town  uses  filtered  and  chlorinated  water  taker  from  the  lower  reaches  of 
the  Penobscot  P.iver. 

The  larger  to\7ns  not  supiplied  from  a  central  source  are  listed  as  follows: 

Howland  I605  Corinth  931 

Hermon  120U  Orland  891 

Orrington  II67  Carmel  2S1 

Enfield  II3S  Exeter  773 

Some  two  dozen  communities  warrant  attention  in  addition  to  those  listed 
above.   New  supplies  can  be  developed  as  needed  from  ground  and  surface 
sources  in  the  basin.   Table  V-A  gives  the  water  supply  statistics  for  the 
basin. 

Flood  Control     Floods  in  this  basin  are  caused  principally  by  the  com- 
bination of  heavy  rainfall  and  melting  snow.   About  55^  of  the  floods  of 
high  discharge  peaks  and  practically  all  of  the  highest  peaks  on  the  river 
have  occurred  in  March,  April  or  May.   The  flood  of  I936,  with  a  peak  of 
123,000  cubic  feet  per  second  at  West  Enfield,  was  second  only  to  the 
flood  of  May,  I923,  when  there  was  recorded  a  peak  flow  of  153,000  cubic 
feet  per  second,  equivalent  to  a  unit  discharge  of  23. 18  cubic  feet  per 
second  per  square  mile. 

The  flood  of  1936  caused  an  appraised  damage  of  $369,000  and  the  flood  of 
1923  caused  an  estimated  damage  of  $1,300,000.   The  Engineers  estimated 
the  probable  aiuiual  damage  on  the  river  to  be  about  $55,000. 
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Over  most  of  its  len.^th  the  river  has  been  confined  to  its  coiirse  during  the 
past  floods,  by  reason  of  its  steep  banks.   There  is,  however,  frequent  over- 
flow of  the  banks  in  lov/  sections,  but  the  damages  here  have  been  small  be- 
cause so  much  of  the  land  flooded  is  forest-covered  and  swamp  area. 

Ice  jams  often  cause  the  water  to  back  up  to  such  heights  that  it  overflows 
the  banks.  Hiis  jamming  is  usually  caused  by  bridge  piers  and  other  struc- 
tures which  interfere  with  the  flow  of  the  river. 

A  number  of  flood  reservoir  sites  have  been  investigated  by  the  Engineers, 
but  no  recommendations  are  available  as  to  whethf-r  or  not  these  sites  are 
feasible,   ^n  view  of  the  low  annual  damage  the  probabilities  are  that  there 
is  no  immediate  need  for  flood  control  reservoiru. 

As  is  tr-ae  on  other  rivers  in  Iviaine,  even  though  the  economic  feasibility  of 
flood  control  reservoirs  cannot  be  established  at  present,  it  would  be  well 
for  communities  along  the  river  to  remove  obstructions  which  cause  ice  jams 
and  build  future  structures  higher  than  the  previously  observed  high  water 
levels. 

Pov;er     The  estimated  available  power  on  the  Penobscot  and  its  tributaries, 
amounting  to  377>063  horsepower,  exceeds  that  on  the  Androscoggin  by  7^  aJid 
that  on  the  Kennebec  by  S5«*  Fully  135,000  horsepower  is  developed  at  exist- 
ing plants  of  100  horsepower  capacity  or  more,  most  of  which  are  located  in 
the  middle  and  lower  portions  of  the  basin.   The  largest  total  developed 
power  on  any  one  stream  is  that  on  the  West  Branch,  in  the  amount  of  85,638 
horsepower.   Here  is  the  largest  individual  installation  in  the  basin,  the 
Millinocket  plant  of  the  Great  Northern  Paper  Company,- with  42,500  horse- 
power capacity.  On  the  main  river.  Ul,ir9  horsepower  are  developed  and  on 
the  tributaries,  other  than  the  West  Branch,  8,351  horsepower. 

The  existing  power  of  the  Penobscot  basin  is  developed  almost  entirely  for 
pulp  and  paper  manufact-'ore  nhd  for  public  utilities.  Four-fifths  of  the 
public  utility  power  in  the  Basin  is  controlled  by  the  Bangor  Hydro-Electric 
Company,  which  is  interconnected  VK-ith  power  systems  in  adjacent  districts. 

Although  there  is  still  much  undeveloped  power  on  the  rivers,  particularly  on 
the  main  river  and  on  the- East  and  West  Branches,  there  is  at  present  small 
demand  for  additional  power.  Many  of  the  undeveloped  sites  would  be  too  small 
for  economic  liydroelectric  power  installations,  and  the  larger  sites  are  too 
far  from  markets  to  make  their  development  economically  feasible. 

Possibilities  exist  for  increasing  the  power  a,t  partially  developed  sites  and 
at  sites  where  present  installations  are  more  or  less  obsolete.  However,  any 
increase  in  the  power  output  at  these  sites  will  undoubtedly  be  deferred  until 
the  economic  situation  requires  it. 

The  present  developments  of  1000  horsepower  or  over  on  the  main  river  and  the 
tributaries  as  listed  in  the  office-  of  the  U.  S.  G.  S.  District  Engineer  at 
Augusta  as  of  January  1,  19'7.  are  given  below:-- 
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EXISTING  PLAUTS   ON  PENOBSCOT  RIVES.  OF  1000  OR  OVEB  INSTALLED  CiPACITY 


River 

Penotscot  River 
Penotscot  River 
Stillv/ater  Branch 
Stillwater  Branch 
Penotscot  River 
Penobscot  River 
Penobscot  River 
Penobscot  River 
West  Branch 
West  Branch 
West  Branch 
West  Branch 
T-7in  Lakes 
Piscataquis  River 
Sebec  River 


Location 

Wheel  Capacity 

or  Plant 

H,  P. 

Bangor 

2,U60 

Veazie 

S.kGl 

Orono 

■    3.500 

Stillwater 

2,660 

G-reat  Works 

9.658 

Nekonegan 

2,170 

Milford 

7.000 

West  Enfield 

4,900 

Medway 

5,000 

East  Millinocket 

9,sgs 

Dolby 

12,900 

Millinocket 

i+2,500 

North  Twin  Da'n 

9.350 

Rowland 

3,000 

Sebec 

1,338 

These  plants  account  for  130,785  horsepower;  in  addition,  U3I3  horsepower  is 
developed  at  I5  plants  with  installations  ran^in.^  from  100  to  85O  horsepower. 

Tiie  undeveloped  power  is  estinated  at  2Ul,965'   Of  the  possible  sites  the 
following  were  described  by  the  U.  S.  Arny  Engineers  in  House  Document  #652, 
71st  Congress,  3rd  Session  as  those  having  the  iriost  economic  promise: — 


PO^ffiR  AT  UNDEVELOPED  SITES 


Drainage 

Head 

Wheel  capacity  (HP) 

Flow  Available 

Flow  available 

Location 

Area-Sq.Mi. 

Ft. 

50^5  of  tine 

90f.  of  time 

Basin  Mills 

7.710 

Ik 

11,380 

6,880 

Marsh  Island 

7,430 

17 

10,200 

6.150 

Gilaan  Palls  on 

7,380 

10 

1,580 

1,130 

Stillwater  Branch 

Spencer  Rapids 

7.150 

20 

15.090 

9.100 

Mohawk  Rapids 

5,oUo 

16 

8.500 

5,1^0 

Five  Islands 

U,s6o 

15 

7,960 

i+,6Uo 

Mattaseunk 

3,300 

U6 

16,020 

9.660 

Total 


70,1460 


U2,7C0 


The  existing  storage,  on  the  Penobscot  River  above  Bangor  amounts  to  about 
1,926,000  acre-feet,  a  voluxie  50^  greater  than  is  available  on  any  other 
river  in  the  state.   The  lakes  and  ponds  containing  this  storage  have  a  total 
water  surface  of  U07  square  miles,  or  5-2^  of  the  drainage  area  above  tide- 
water.  Three-fourths  of  the  storage,  or  1,500,000  acre-feet,  is  on  the  East 
and  West  Branches. 
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The  moot  important  r.  toru,i7'  dPVPloMmento  are  on  the  West  Brannh.   The  Ripo- 
i«;pnuB  and  Twin  Lalcer.  reeervoire,  which  contain  a  little  over  a  nillion  acre- 
fuot,  benefit  lnotallation»  of  R|t,000  horsupower  on  the  West  Branch 
!\m\   Ul.OOO  horoepower  on  tlie  main  river.   This  combined  power  represents 
'H^t.  of  the  total  install  at lono  in  the  watershed. 

0;'portunitieB  for  additional  storage  lip  in  raisin,-;  the  water  levels  of  ex- 
iiitin^'  IfikoH  and  ponds.  Since  the  shores  of  most  of  these  are  xindeveloped, 
the  ruBiiltin^^  flowa^e  of  adjacent  l/.indE  would  not  cause  serious  dama.'^e. 

The  followin^-^  uxiinmarization  of  oxistin,;  and  possible  storage,  by  basins,  is 
taken  from  House  Document  ifG^P.,    'list   Congrosa,  3rd  Sesrion:  — 


Bauin 

Kar.t   Brmoh 
Wi'tit  Brancii 
Main  River 
Mattawamlvotv^  River 
riscataquis  River 
r,"..osadumkeag  River 

Total 


StoraiiTiG 
Existin,e: 
in  19^6 
Acre -Feet 


211, 

,  coo 

1,.?S0, 

,  000 

iH, 

,  000 

89, 

,000 

217, 

,  000 

ll"?. 

,000 

1,920,000 


Entimatod 
PoDsible 
Incroace 
Acre-Feet 

130,000 

39,000 

11^1,000 

399,000 
i^i7,ooo 

Gk , 000 
1,000,000 


Eetim^ited 
Posrible 

Total 
Acre-Feet 

3UI.OOO 
1,319,000 
165,000 
U 88, 000 
l|7U,000 
179.000 

r},  926, 000. 


Navi  fiat  ion     Kie  mean  tiikil  rant^e  of  I3  feet  in  the  Penobscot  at  Bangor  aids 
in  the  maintenance  of  a  navi";ation  season  which  avera^jes  nine  months  out  of 
each  year.   In  1935  traffic  consisted  of  11,73^  pascon^yers  and  baO,U26  tons 
of  freif^ht.  Petroleum  products  constituto-'d  the  principal  items  of  commerce. 
Since  no  dred.j'iin^^  has  boeu  done  since  1913i  there  is  need  of  mainten.ance  work 
in  the  near  fu.turo  to  preserve  the  existing:;  channel,  but  there  appears  to  be 
no  need  for  expansion  of  t'ue  oxii'.tiiii"  n;ivipat ion  facilities  at  prer.ent. 

Erosion     Exco,.>t  for  a  large  sheet  erosion  area  in  the  Patten-Island  Falls 
district,  the  basin  has  no  erosion  problems  except  along  the  lower  reaches  of 
the  fenobscot.  Moderate  sheet  erosion  has  occurred  over  an  area  of  one  to 
two  hundred  sqiviro  miles,  princi^^^lly  in  the  vicinity  of  Bangor  and  along 
tributary  river  bottom  lands. 

Drainais:o     The  settlements  of  the  Penobscot  basin  are  concentratod  in  areas 
relatively  free  from  bogs  or  swamps.   In  certain  locations,  however,  the  mos- 
quito nuisance  mi;y  wai'r>ant  drainage  of  small  areas  to  secure  greater  freedom 
from  the  pest.   Throughout  the  thinly  populated  portions  of  the  watershed 
drainage  would  seriously  accelerate  nm-off,  and  disturb  wildlife  and  forest 
types,  causing  damages  greater  than  the  benefits  gtvined.  Extensive  di^ainago 
can  bo  undert;Ucen  only  when  complete  knowled^'-re  of  potential  and  desirable 
liind  uses  has  been  assembled. 


Recreation     Except  along  the  main  streams,  the  chief  recreational  iiroblens 
most  of  which  are  closely  related  to  water  resources,  are  conservation  of 
existing  assets  and  the  eneouragonent  of  their  ur.e.   In  investigation  of 
the  water  bodies  and  streana  there  must  be  continual  consideration  of  the 
present  and  future  opportuiiities  for  recreation  and  wildlifo  uses. 
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CENTRAL  MAIirS  COASTAL  BASINS 


GENEBAL  DESCRIPTION 

The  coastal  region  lying  between  Penobncot  Bay  and  the  mouth  of  the  Kt-nnehec 
Elver  is  drained  by  a  number  of  small  otreamc!,  of  which  the  two  largest  are 
the  Sheepscot  and  the  St.  George  Rivers.   Each  of  thene  drains  about  one- 
third  of  the  total  area  of  850  sq.uare  miles. 

The  region  is  hilly  with  altitudes  ranging  from  cea  level  to  900  feet  eleva^- 
tion  in  the  northern  portion.  Near  Camden,  on  Penobscot  Bay,  there  is  a 
group  of  moujitains  which  have  an  extreme  altitude  of  1350  feet.   The  area  is 
dotted  with  lakes,  ponds  and  swamps. 

The  bedrock  within  the  basin  is  chiefly  granite,  felsite  and  quartzite.  The 
noil  is  generally  clay  or  silt-loam  and  has  .been  used  extensively  for  agri- 
culture in  the  past.  Nearly  40^  of  the  region  is  in  cleared  farm  land,  the 
remaining  60^.  being  in  scattered  woodlands,  mostly  on  farms  or  summer  estates. 

The  average  rainfall  over  this  coastal  area  is  44  to  46  inches,  fairly  evenly 
distributed  throughout  the  year.  The  average  temperature  is  about  66°  in  the 
summer  and  about  23^    in  winter. 

The  Shcepscot  River  rises  in  the  extreme  northwost  portion  of  the  basin  near 
Freedom  and  Albion  and  flows  a  little  west  of  south  for  30  miles  to  tidewater 
at  Wiscasset.   It  drains  an  area  of  238  square  miles. 

The  St.  George  River  rises  in  the  extreme  northern  portion  of  the  basin  and 
flows  south  for  50  miles  before  reaching  tidewater.  Below  Thomaston,  the 
river  is  a  tidal  estuary  for  a  distance  of  10  miles.   The  area  drained  by  the 
river  is  225  square  miles. 

Other  rivers  in  the  region  are  the  Medomak,  Damariscotta,  Passagassawakoag, 
Megunticook  and  Goose  Rivers. 

No  stream  flow  records  are  kept  on  the  streams  in  this  basin. 


HUMAI^  OCCUPANCY 

Population     This  group  of  coastal  basins  extending  from  the  Penobscot  to 
the  Kennebec  River  contained  in  1330  about  56,000  inhabitants,  practically  the 
same  number  as  in  1920.   In  contrast  to  the  adjoining  Kennebec  Basin,  which 
has  a  large  wilderness  area  and  a  density  of  only  25  per  square  mile,  this 
coast  region  has  a  density  of  about  6C   per  square  mile.  A  large  influjc  of 
visitors  adds  materially  to  the  population  in  summer. 

Small  villages  and  scattered  populations  predominate;  in  fact,  only  throe 
towns  have  more  than  2500  inhabitants: 


Rockland 

9075 

Belfast 

4993 

Camden 

3606 

64 

These  three  communities  are  primarily. trading  centers  for  the  surrounding 
territory,  although  they  have  a  few  manufaetnring  plants. 

There  was  practicallj'-  no  oopulation  growth  "between  1920  and  1930.   Of  the 
larger  towns,  Camden  and  Rockland  increased  in  size  and  Bplfast  showed  a 
slight  decrease.  The  majority  of  communities  lost  population  consistently 
in  each  decade  tatween  1900  and  1930.  Future  growth  will  prohatly  be  in  the 
larger  towns  and  '7ill  "be  governed  by  the  amotmt  of  manufacturing  and  by  the 
extent  of  the  summer  rer.idont  and  tourist  trade.   The  latter  has  a  marked  in- 
fluence on  many  of  the  coastal  communities  and  snoplies  a  large  part  of  the 
tax  revenue. 

Agriculture     The  size  of  the  average  farm  in  this  district  is  slightly 
less  than  the  state  average  of  119  seres,  and  the  acreage  value  is  about 
three-fourths  that  for  the  entire  state.  The  soil  is  of  poor  quality  and 
the  northern  section  of  the  basin  is  classed  as  a  n.iral  problem  area.  Al- 
though in  general  crop  farming  is  not  successful,  poultry  raising  is  a  wide- 
spread and  gainful  occupation.   It  constitutes  the  source  of  over  one-third 
of  the  total  fa,rm  revenue;  likewise,  dairy  and  woodlot  products  account  for 
appreciable  parts  of  farm  income. 

Soil  conditions  and  loc^vtion  confine  most  of  the  agricultural  development  to 
raising  livestock,  especially  poultry.  Western  competition  has  forced  the 
adoption  of  scientific  methods  in  poultry  farming  in  this  coastal  region, 
and,  because  the  region  has  such  easy  a.cc'-'ss  to  Boston,  the  largest  New  En^ 
land  market,  it  is  like?y  that  poultry  raising  will  continue  to  be  its  most 
profitable  farming  activity. 

Industry     This  section  is  not  active  industrially.   The  few  small  manu- 
facturing plants  include  among  their  products  liuiiber,  textiles,  shoes,  canned 
fish  and  vegetables.  At  Rockland  there  is  a  lime  plant  and  at  Thomaston  the 
lai-gest  cement  mill  in  Hew  England.   Several  of  the  coast  towns  have  ship- 
yards for  the  mianufacture  of  small  pleasure  boats.   The  total  number  of  in- 
dustrial wage  earners  in  1933  was  abo'\t  2100,  and  the  value  of  man^ifactured 
products  about  $7,000,000. 

The  best  opportunities  for  growth  in  the  teanufactnring  field  apuear  to  lie  in 
industries  using  native  raw  materials.   The  lime  products  industry,  an  out- 
standing example,  is  suitably  located  v/ith  respect  to  basic  materials  and 
water  transportation.   Tho  canning  of  sea  foods,  'vhich  is  now  active  on  a 
limited  scale,  has  possibilities  for  expansion,  as  have,  to  a  lesser  degree,, 
the  wood-using  industries. 

Mining  •   The  mining  operations  of  this  region  have  been  at  times  the  most 
successful  in  Maine.  Extensive  lime  deposits  near  Rockland  supply  material 
for  a  lime  plant  and  for  the  Thomaston  cement  plant.   There  are  also  in  this 
vicinity  granite  quarries  that  were  once  very  active.  These  quarries  consti- 
tute a  valuable  asset  because  of  their  location  on  the  coast  where  water 
transportation  is  easily  available,  but  their  future  success  will  depend  up- 
on the  demands  of  the  construction  indiistry. 
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Ltunbering    Although  over  half  of  this  area  is  wooded,  it  contains  no  wild 
lands  or  extensive  forests.  Along  the  coast  there  is  spnice  and  fir,  and  in- 
land, hardwood  growth  with  some  white  pine.   There  is  some  long-log  produc- 
tion, principally  at  portable  mills,. and  also  a  little  pulpwood.   Timber  is 
taken  out  over  the  road  as  the  streams  are  too  small  for  log  driving. 

The  general  character  of  the  woodland  of  this  section  precludes  any  substan- 
tial development  in  lumbering.   Operations  of  moderate  size  for' the  produc- 
tion of  pulpwood  and  long  logs  will  probably  be  maintained,  and  farm  woodlots 
will  continue  to  be  a  so-urce  of  cash  income. 

Fishing     Shipbuilding  and  fishing  were  the  original  industries  on  this 
Coast,  and  the  latter  is  still  important.   Shell  fish  are  taken  in  large 
quantities  and  canned  at  local  factories,  but  most  other  fresh  fish  are 
shipped  to  eastern  markets. 

Ready  access  to  the  Boston  market  and  availability  of  large  supplies  of  fish 
are  elements  favorable  to  the  growth  of  the  fishing  industry.   Local  can- 
neries now  furnish  employment  for  many  inhabitants,  and  efforts  are  being 
made  by  state  autnorities  to  expand  this  industry  by  reaching  a  greater  buy- 
ing public  through  advertising. 

Recreation     Wildlife  and  fish,  n-omerous  in  this  coastal  basin,  include 
such  species  as  moose,  deer,  fox,  and  various  types  of  water  fowl  and  game 
fish.   The  recreational  industry  is  the  outst':.ndi:-.g  seasonal  business  and, 
through  larg'^  nu-nbers  of  visitors,  contributeo  satst'.intially  to  the  economic 
life  cf  this  region.   The  oxt_-ii'^-' ve  tii-1  reaches,  tuo.t  break  up  the  shore 
line  provide  excellent  coastal  scenery  and  ideal  settings  for  aquatic  sports. 
Inland  rt^creation  and  wildlife  areas,  nov,  being  developed  at  Camden  by  the 
National  Park  Service  and  at  Montville  end  Liberty  by  the  Resettlement  Ad- 
ministration, offer  exceptional  attractions  to  summer  residents  and  tourists. 
The  Camden  p.rea  is  an  admirc-ble  site  for  a  state  park,  while  the  lake  and 
semi-mountainous  area  in  Montville  and  Liberty  is  good  for  hunting  and  fishing. 

TranspQi" ^.■3.-^. j  on     With  the  exception  of  tidal  e"tuaries,  there  are  no  navi- 
gable v•.'.^p'"■^ys  in  this  coastal  area.   There  are  many  fine  harbors,  particu- 
larly those  at  Eoothbay  Earbor,  Rockland,  Belfast  and  Searsport,  which  ac- 
commodate coastwise  passenger  and  freight  vessels  of  moderate  size.   Sears- 
port  handles  the  greatest  amount  of  traffic,  521,124  tons  in  1935;  Rockland, 
ranking  second,  handled  l62,96l  tons.   Coal  is  tne  principal  commodity  of 
coastwise  commerce. 

The  most  important  centers  of  this  coastal  section,  Rockland,  Camden,  Belfast, 
lie  on  the  Atlantic  Coast  Highvi^ay,  bj-  which  they  are  linked  to  Bangor  on  the 
north  and  to  Portland  on  the  south.  A  network  of  secondary  roads  branches 
from  this  major  highway  to  coastal  and  inland  points.   Improvement  in  design 
and  location  of  tiie  Coastal  Highway  has  been  recommendea  by  the  Maine  State 
Planning  Board  and  the  New  England  Regional  Planning  Commission. 


Eailroad  service  is  jjrovided  in  the  so-athern  section  of  this  area  by  a 
branch  of  the  iviaine  Central  Railroad  ruaining  fron  Brianswick  to  Rockland, 
and  additional  service  by  a  line  running  frora  Belfast  to  the  main  line  be- 
tween Portland  and  Sanger.   Frei'^ht  service  from  Searsport  to  Bangor  and 
Aroostook  Co-onty  points  is  maintained  by  the  Bangor  and  Aroostook  Railroad. 
Highway  bus  service  is  maintained  on  U.  S.  Route  #1  from  Bath  to  Bangor  .and 
on  a  secondary  route  frow  Rockland  to  AugUF.ta. 

The  airport  at  Rockland  is  the  only  landing  field  in  the  area.   By  reason 
of  the  irregular  coast  line  with  its  many  sheltered  harbors  the  region  is 
adapted  to  seaplane  operations,  facilities  for  whicn  are  provided  at  Rock- 
land and  Boothbay  Harbor.   From  Rockland  regular  seaplane  service  is  furn- 
ished to  the  Penobscot  Bay  isloxids  d\iring  the  surauer  vacation  season. 


WATSR  USE  AED  CONTROL 

Pollution     The  half-dozen  raimicipalities  exceeding  2000  population  in 
this  basin  adjoin  bays  or  tidal  estuaries  into  which  they  discharge  their 
domestic  sewage.   The  trade  wastes  from  these  communities,  although  widely 
distributed,  add  to  the  load  imposed  upon  the  coastal  waters  in  a  region 
which  boasts  of,  and  to  a  great  degree  subsists  upon,  the  large  volume  of 
its  recreational  business.   Tlie  sewage  systems  at  Rockland  and  Yarmouth  are 
known  to  be  inadequate.   Inland  communities  discharge  their  domestic  and 
industrial  wastes  into  itkes  and  streams  which  are  in  some  instances  too 
small  for  adcqiiate  dilution.   This  practice  in  waste  disposal  undermines  the 
recreational  values,  but  careful  investigation  will  be  required  to  determine 
where  such  losses  arc  safficiently  great  to  warrant  the  installation  of  treat- 
ment plants.   Consideration  should  be  given  to  a  survey  of  the  coastal  pollu- 
tion conditions  and  thoir  probable  effect  on  recreational  uses. 

Water  Supply     With  few  exceptions  the  domestic  and  industrial  water  sup- 
plies are  adeqvuate  for  prenent  needs.   There  are,  hov,'ever,  several  small 
coast  communities,  of  which  Tenants  Harbor,  with  about  3OO  houses,  is  the 
largest  where  there  are  no  public  v<ater  supplies.   Such  deficiencies  are  due 
to  lack  of  funds  rather  th'ai  to  lack  of  available  sources  of  supply.   The 
established  public  supp.ly  systems  in  the  basin  niuabor  more  than  two  dozen 
and  serve  all  concentrated  communities  of  over  3OO  houses.   For  over  half  the 
communities  lalres  or  ponds  ar^^  the  sources  of  supply,  while  most  of  the  rest 
depend  on  ground  water  soui-ces. 

Flood  Control     The  streams  are  so  small  that  no  great  damag'e  results  from 
freshet  conditions.   Local  improvements  at  points  where  the  flow  of  streams 
is  restricted  would  be  the  most  feasible  method  of  preventing  the  inconven- 
iences and  minor  losses  occasioned  by  extreme  high  water. 

Power     Little  opportunity  exists  for  water  power  development  on  the 
streams  of  this  area  because  their  drainage  areas  are  snail  and  their 
slopes  gradual.   At  present  there  are  I5  plants  v/ith  a  total  installed 
capacity  of  J,kl&   horsepower.   The  individual  installations  range  from  100 
to  700  horsepoT/er;  the  largest  is  the  Damariscotta  Mills  plant  at  the  out- 
let of  Damariscotta  Lake.   The  Goose  River,  with  installations  of  65O  and 
223  horsepower  at  Belfast,  produces  the  greatest  total  power  of  any  of  these 
coastal  streams.   Three  plants  at  Cauden  on  the  Meg^onticook  River  have  a 
combined  wheel  capacity  of  67^  horsepower. 
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About  50.000  acre-feet  of  storage  are  at  present  availatle  on  the  Goose, 
Megunticook,  St.  George,  Danariscotta  and  Sheepscot  Rivers.   The  I912  re- 
port of  the  Maine  State  Water  Storage  Commission  listed  a  possible  increase 
in  storage  of  120,000  acre-feet,  ovt5r  half  of  which  would  be  on  the  St. 
George  and  Sheepscot  Rivers. 

About  2000  horsepower  has  been  estimated  as  possible  for  new  power  develop- 
ments, but  it  is  not  likely  that  such  develooments  will  be  made  in  the  near 
future. 

Navigation     The  tidal  estuaries  in  this  stretch  of  the  Maine  coast  be- 
tween the  Kennebec  and  Penobscot  rivers  are,  in  general,  adequate  to  meet 
the  needs  of  navigation  for  trade  and  pleasiire.   Channel  improvements  have 
been  made  on  the  Medomak  River  at  Waldoboro  and  on  thfe  St.  George  River  at 
Thomaston.   No  further  improvements  in  navigation  facilities  appear  to  be 
necessary. 

Erosion     Erosion  conditions  are  similar  to  those  along  the  eastern  Maine 
coast,  but  erosion  itself  has  reached  a  more  advanced  stage.   Although  erosion 
creates  serious  land  use  problems,  it  has  little  effect  on  water  resources 
problems. 

Drainage     Consideration  has  been  given  to  the  conflicting  factors  that 
affect  the  desirability  of  draining  swamp  areas  in  the  Central  Maine  Coastal 
basin.   The  mosquito  pest  spoils  the  attractiveness  of  any  area  for  recrea- 
tional use.   Coastal  marshes  provide  ideal  breeding  sites  for  mosquitoes 
but,  on  the  other  hand,  they  shelter  fish,  game  and  waterfowl,  which  consti- 
tute a  definite  recreational  asset.  Recognizing  this  paradox,  state  author- 
ities are  disposed  to  proceed  cautiously  by  draining  only  those  marshes  ad- 
joining settlements  where  abatement  of  the  mosquito  nuisance  will  Justify 
disruption  of  aquatic  and  semi-aquatic  wildlife.   The  only  drainage  project 
recommended  in  this  region  at  present  is  that  on  the  200  acres  along  the 
Damariscotta  River  in  Newcastle. 

Recreation     The  probable  lowering  of  recreational  values  by  water  pollution 
assumes  first  place  among  the  water  resources  problems  of  the  area.  Although 
pollution  is  not  yet,  and  probably  never  will  be,  sufficiently  concentrated 
to  menace  health,  it  is  already  a  serious  threat  to  the  recreational  industry 
because  i.t  kills  fish  life  and  destroys  the  aesthetic  charm  of  the  whole  re- 
gion.  The  second  problem  arises  from  the  fact  that  tne  changing  of  water 
levels  would,  T;ith  few  exceptions,  prove  to  be  deleterious  to  wildlife  and 
recreational  values. 
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KEm^BBEC  BASIN 


GEITERAL  DESCRIPTION  .  . 

The  Kennebec  'basin,  the  third  largest  in  Maine,  has  a  drainage  area  of  597O 
square  miles,  extending  north  and  south  about  I50  miles,  east  and  west  SO 
miles.   A  60-mile  stretch  of  the  oasin  divide  constitutes  the  boundary  line 
between  Maine  and  the  Province  of  Quebec. 

The  headwaters  are  in  .the  high  plateau  of  northwestern  Maine,  about  2000  feet 
above  see.  level.   These  headwaters  are  tributary  to  Moosehead,  the  largest 
lake  in  New  England,  The  main  river  flows  out  of  Moosehead  and  follows  a 
southerly  course  of  120  miles  to  Augusta  at  tne  head  of  tidewater;  from  here 
it  continues,  as  a  tidal  river,  kk   miles  to  Merrymeeting  Bay,  where  it  is 
joined  by  the  Androscoggin  River.   The  combined  waters  empty  into  the  Atlan- 
tic Ocean  at  a  point  about  25  miles  east  of  Portland. 

In  its  upper  half  the  Kennebec  basin  has  a  generally  high  altitude,  with 
n-umerous  penis  of  3OOO  to  UOOO  feet.   In  the  lower  half  the  topography  be- 
comes hilly  and  rolling.   Lakes  and  ponds  abotuid  in  the  basin,  aggregating  a 
water  surface  of  over  3OO  square  miles,  niore  than  a  third  of  v/hich  is  ac- 
counted for  by  Moosehead  La^•:e. 

The  rock  formation  is  mostly  granite,  with  some  sedimentary^  deposits,  such  as 
slate  and  sandstone.   The  whole  area  is  typically  of  glacial  origin,  as  char- 
acterized by  its  irregular  topography  and  the  overburden  of  glacial  sand  and 
gravel  with  some  sand^?-  loams  and  clay.   Little  of  the  area  has  good  agricul- 
tural soil.  About  12^  of  the  area  is  in  cleared  land  and  S^^l   in  woodland, 
from  much  of  T;hich  the  trees  have  been  removed  for  wood  pulp. 

The  average  rainfall  in  th-.-  northern  part  of  the  basin  is  about  36  inches, 
with  the  summer  precipitation  exceeding  slightly  that  of  the  winter.   At  the 
lower  end  of  the  basin  the  tmnual  rainfall  is  about  kG   inches,  well  distrib- 
uted throughout  the  year.   Por  the  basin  as  a  whole  tho  annual  rainfall  av- 
erages about  UO  inches.   Sijmmer  temperatures  vary  with  the  latitude,  ranging 
from  66°  to  61°.   The  winter  average  temperatiire  is  from  2^°  to  13°. 

The  principal  trioutario-s  are  the  Moose,  Dead,  Sandy  and  Sebasticook  Rivers. 

Moose  River,  the  principal  feeder  to  Moosehead  Lake,  drains  the  northern  por- 
tion of  the  Kennebec  basin.   Its  drainage  area  at  a  point  about  3  miles  above 
Moosehead  Lake  is  7O8  square  miles.   Between  its  source  and  Moosehead  Lake  it 
flows  through  four  largo  bodies  of  water — Attean  Pond,  T7ood  Pond,  Long  Pond 
a.nd  Brassua  Lake.   The  combined  water  surface  area  of  these  ponds  and  la.ke6 
is  27. U  sqioare  miles.  At  the  outlet  of  Moosehead  Lake  the  drainage  area  is 
I2H0  square  miles,  .and  above  this  point  the  total  v/ater  surface  is  I55  square 
miles,  or  12-3-^  of  the  total  ar^-^a. 
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Dead  River  rises  in  the  northwestern  part  of  the  basin  just  south  of  the 
headvraters  of  the  Moose  River  and  flows  easterly  through  rugged  country  to 
join  Kennebec  at  The  Forks,  about  25  miles  below  the  outlet  of  Moosehead 
Lake.   Its  drainage  area  of  878  square  miles  includes  19  square  miles  of 
water  surface.   Spencer  Pond,  the  largest  single  water  body,  has  an  area  of 
2.6  squa.re  miles. 

Sandy  River  rises  in  the  Blue  Mountains  a  few  miles  east  of  the  Rangeley 
Lakes,  the  headwaters  of  the  Androscoggin.   The  river  flows  southeast  for 
about  30  miles  and  then  northeast  for  20  miles,  joining  the  Kennebec  at 
Skowhegan,  above  which  point  the  drainage  area  is  644  square  miles.   The 
principal  water  bodies  in  the  Sandy  River  system  are  the  Chesterville  Ponds 
and  Wilton  Pond,  which  have  a  combined  water  surface  of  3.3  square  miles. 
The  total  lake  and  pond  surface  is  about  6  square  miles. 

The  Sebasticook  River,  the  largest  eastern  tributary  of  the  Kennebec,  rises 
in  the  east  central  part  of  the  basin  south  of  the  Piscataquis  River  in  the 
Penobscot  basin.  Flowing  south  and  southwest  to  join  the  Kennebec  just  be- 
low Waterville,  this  tributary  drains  an  area  of  975  square  miles.  The  sev- 
eral lakes  and  ponds  in  the  system,  including  Sebasticook  Lake,  China  Lake, 
Moose  Pond  and  Twenty-five  Mile  Pond,  have  a  total  water  area  of  36  square 
miles. 

Other  smaller  tributaries  which  join  the  Kennebec  from,  the  west  are: 
Carrabassett  River,  which  drains  an  area  of  340  square  miles  before  entering 
the  main  river  at  North  Anson;  Messalonskee  Stream,  which  enters  the  Kenne- 
bec at  Waterville  after  draining  an  area  of  205  square  miles,  15^  of  which  is 
water  area;  Cobbossecontee  River,  which  enters  the  Kennebec  at  Gardiner,  be- 
low the  head  of  tidewater,  after  draining  220  square  miles,  nearly  10/S  of 
which  is  water  surface. 

The  U.  S.  Geological  Survey  in  cooperation  with  the  state  of  Maine  records 
stream  flow  at  several  points  on  the  main  river  pnd  its  various  tributaries. 
Detailed  data  for  these  stations  can  be  found  in  the  U.  S.  Geological  Survey 
Water  Su,pply  Papers,  Part  I  -  Ilorth  Atlantic  Slope  Basins.   The  fig^ares  in 
Table  III-A  are  sumn.arized  from  \inpublished  records  in  the  office  of  the 
District  Engineer  at  Augusta  and  from  the  published  Papers  of  the  Survey. 

The  hydrograph  on  Chart  3  shows  the  average  monthly  runoff  during  the  past 
15  years  at  Waterville,  on  the  Kennebec.   O-'-er  this  period  the  average  yearly 
runoff  from  the  drainage  area  of  4270  square  miles  was  1.66  cubic  feet  per 
second  per  square  mile. 


HITMAU  OCCUPANCY 

Population     The  population  of  the  Kennebec  basin  in  1930  was  150,000, 
about  one-fifth  of  the  total  population  of  Maine.   This  represents  a  gain  of 
about  2.5^  over  1920,  slightly  less  than  that  of  the  entire  state.   The 
average  density  of  the  entire  area  is  only  25  per  square  mile,  although 
there  is  a  greater  concentration  than  this  in  the  lower  part  of  the  basin. 
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The  two  principal  cities  a.re  Augiista,  the  state  capital,  with  a  population  of 
17,198,  and  Waterville,  15,454.  Abo\it  two-fifths  of  the  entire  population  is 
classed  as  urhan.   Cities  and  to^ms  of  over  5000 'inhabitants  are: 

Augiista  17,193 

'Tatorville  15,454 

Bath  9,110 

Skowhegan  ■          6,433 

Gardiner  5,609 

Fairfield  5,132 

Tl-iere  are  eight  towns  of  bet-.7een  2500  -'.nd  5000  copulation . 

Of  the  fourteen  townr  having  over  2500  pO'-ulation  only  three  showed  a  loss 
"bet-Jeen  19i^0  and  1930.   The  heaviest  loss  was  in  Bath,  where  the  population 
decreased  by  Z8fo.      Wiis  was  due  to  the  fact  that  fne  ship  building  industry, 
on  which  the  town  depends  for  its  existence,  was  inactive  during  tVat  ten- 
year  period.  .In  the  last  fev?  years  there  has  been  a  renewal  of  that  industry 
and  a  corresponding  increase  in  popu.lation. 

Population  gains  in  general  were  in  towns  along  the  lower  main  river  and  its 
tributary,  the  S'''basticooi':.   (See  Map  7.)   Losses  occurred  in  mrny   outlying 
towns,  particularly  along  tho  westarn  border  of  the  basin.  Trends  will 
probably  be  governed  by  the  condition  of  the  principal  industries.   If  pres- 
ent indications  are  borne  out  there  will  be  a  slow  growth  of  the  industrial 
communities  in  the  coming  decade.  ■  .       ! 

Agriculture     Agriculture  is  "Widely  practiced  in  the  lower  part  of  the 
basin.  The  valley  farmland  is  rather  fertile,'  although  less  so  than  in  some 
parts  of  the  state,  as  is  indicated  by  the  average  acre  value  of  $29.00  (land 
■  and  buildings,  1930)  in  contrast  to  the  s''"atp  average  value  of  $42.00.   Farm 
income  is  derived  principally  from  dairy  and  poultry  products,  fiold  a.nd 
orchard  crops,  and  woodlot  products.   The  latter  account  for  about  12fr   of  the 
total  farm  re^J'eme,  which'  :. '.mount e^^  in  1970  to  apiiroxiniately  $11,000,000. 

Farming  in  this  basin  i?  r.rndica-npad  by  Ipck  of  noar-by  marketr,,  so  essential 
to  the  specialized  farming  which  is  a  feature  of  the  agricultural  trend.  When 
there  were  large'  lumber  commu.nities  along  th«.  edges  of  the  forest  lands,  the 
soil,  poor  as  it  was,  firoduced  enough  food  to  meet  the  demands  of  these  local 
markets.   Today  thene  sections  are  rural  problem  areag  because  of  the  decline 
in  the  local  d.emand  and  the  inadequacy  of  means  of  tran:5portation  to  distant 
markets.   The  only  evidences  of  change  in  the  fnrming  situation  lie  in  the 
tendency  to  abandon  farms  in  tho  nroblem  areas  --ind  thi  trend  toward  special- 
ization of  crops  in  areas  that  are  suited  to  farming. 

Industry     The  principal  mrnu-facturing  centers  -  Augusta,  Waterville  and 
Bath  -  are  on  the  main  river.   In  1933  the  entire  region  produced  about 
$43,000,000  worth  of  m.-in^ifactures,  about  one-fifth  of  thr  state  production. 
Textiles,  boots  and  shoes,  pulp  r.nd  paper,  canned  vegetables  and  lumber  are 
the  chief  products.  Augusta  has  diversified  industries  in  addition  to  its 
principal  line. —  textiles  and  shoes;  it  is  also  an  important  trading  center. 
Waterville,  primarily  a  ppper  manufacturing  city,  is  also  a  trading  center. 
Bath,  near  the  mouth  of  the  rivtr,  is  a  ship-building  town  the  prosperity  of 
which  varies  with  the  activity  of  that  industry. 


Between  1929  and  19?3  the  decrease  in  the  value  of  manufactured  products  in 
this  region  and  in  the  state  as  a  whole  was  ahout  the  same.  Future  progress 
will  depend  largely  upon  the  degree  of  activity  of  the  principal  industries. 
There  is,  however,  a  tendency  toward  diversification  of  manufacturing,  which 
contributes  to  industrial  st.ability  and  which  is  being  encouraged  by  state 
and  local  development  agencies. 

Mining     Slate  quarries  in  the  northern  -oart  of  the  basin  are  now  in  opera- 
tion, but  granite  quarries,  once  active,  are  now  worked  but  little.  At  one 
time  tin  was  commercially  mined  near  Winslow.   Since  there  are  no  known  tin 
deposits  elsewhere  in  the  United  States,  it  is  possible  that  resumption  of 
mining  at  this  point  would  be  profitable. 

Lumbering     The  northern  half  of  the  basin  comprises  a  large  part  of  the 
extensive  spruce  and  fir  lands  of  the  state.   The  Kennebec  and  its  tributaries 
provide  means  for  floating  logs  from  this  area  to  mills  located  down  stream.  As 
tJiese  mills  are  within  easy  reach  of  markets  by  rail  or  water,  lumbering  in 
this  basin  is  carried  on  to  better  advantage  than  in  those  basins  farther  east. 
The  timber  ait,  principally  pulpwood,  amounted  in  1933 'to  about  12,500,000 
board  feet;  in  the  following  year  to  about  30,000,000  feet.   In  addition  to 
pulp  and  paper  mills  there  are  several  wood-using  industries,  including  spool 
mills  and  box  factories,  in  the  lower  part  of  the  basin. 

As  the  principal  forest  product  in  the  Ktnnebec  basin  is  pulpwood,  the  lumber- 
ing industry  is  dependent  largely  upon  activity  in  the  field  of  paper  manu- 
facture.  There  is,  however,  enough  lumber  and  water  power  to  justify  the  es- 
tablishment of  more  wood-using  industries  than  are  now  in  the  area. 

Recreation     Hunters,  fishermr-n,  tourists  and  summer  residents  flock  to  all 
parts  of  the  Kennebec  watershed.  Fishing  and  hunting  are  lode-stones  for  manjj 
while  others  are  attracted  by  varied  scenery,  clean  bathing  beaches  and  good 
boating. 

Transportation  Tlie  Kennebec  River  is  navigable  to  Augusta,  44  m.iles  from 
the  mouth.  The  controlling  depth  is  11  ft.  at  low  water.  On  the  main  river 
above  Augusta  and  on  the  tributaries  water  transportation  is  confined  to  log 
driving,  an  indispensable  phase  of  the  lumber  industry. 

'The  lower  two-thirds  of  the  basin  is  covered  with  a  network  of  primary  and 
secondary  highways  sufficient  in  number  to  meet  local  needs,  but  recommenda- 
tions have  been  made  for  improvement  of  certain  major  routes  to  facilitate 
the  growth  of  the  recreation  industry.   Chief  among  these  are  a  transverse 
route  from  Lewiston  to  Bangor  and  a  river  valley  route  from  Augusta  to  Jack- 
man  and  the  Quebec  border.   In  the  wilderness  section  roads  are  few,  but  thus 
far  have  been  sufficient  to  meet  the  requirements  of  the  area.  An  additional 
recreational  asset  to  the  Kennebec  basin  would  be  realized  by  the  constnac- 
tion  of  a  parkway  already  recommended  by  the  Maine  Planning  Board  and  the  New 
England  Regional  Planning  Commission.  This  parkway  would  enter  Maine  in  the 
Rangeley  Lakes  section,  follow  the  Dead  River  branch  of  the  Kennebec,  pass 
south  of  Moosehead  Lake  and  continue  into  the  Katahdin  section  of  the  Penobscot 
basin. 

South  of  the  wilderness  section  ample  railway  transportation  is  provided  by  the 
Maine  Central  Railroad.   The  extreme  northern  part  of  the  basin  is  crossed  by 
the  main  line  of  the  Canadian  Pacific  from  Quebec  and  Montreal  to  the  Mari- 
time Provinces. 
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The  lov»'er  end  of  the  basin  is  travertsed  by  the  Boston-Bangor  airway.  Regu- 
lar transport  service  over  this  route  is  provided  cy  the  Boston  and  Maine 
Airways  with  scheduled  stops  at  Augiista  and  Waterville.   The  projected  route 
of  the  Canadian  airway  fron  Montreal  to  the  Maritime  Provinces  crosses  the 
upper  end  of  the  basin.  An  airway  froni  Waterville  to  Greenville  has  been 
suggested  as  desirable  in.  the  interests  of  the  Moosehead  Lake  recreation 
area.  Airports  and  Icmdind-;  fields  are  located  at  Aiigusta,  Waterville,  Farm- 
inp-ton,  Skowhegan,  Pittsfield,  Greenville  and  Jackman. 


WATER  USE  Am  CONTROL 

Pollution     Domestic  wastes  from  ten  commimi ties  that  had  a  total  popula- 
tion of  over  64,000  people  in  1930  are  introduced  into  the  main  stream  or 
into  the  tributaries  near  their  outlets.   The  largest  commtmities  are  Tfater- 
ville  and  Augusta,  with  populations  of  15,45^  and  17,193  respectively.   Trade 
wastes  from  approximately  5U  plants  enter  streams  of  the  Kennebec  basin.  Of 
these  plants,  twenty-three  textile  mills,  with  6,000  employees,  and  seven 
pulp  and  paper  mills,  with  2100  employees,  are  the  principal  sources  of  trade 
wastes. 

In  1930  the  Maine  pulp  and  paper  companies  financed  a  survey  of  pollution 
conditions  in  the  Keiinebec  from  Madison  to  South  Gardiner.  Distinct  sewage 
pollution  was  shown  by  the  bacterial  count  of  tho  river,  and  by  the  fact  that 
dissolved  oxj'gen  content  was  less  than  5  P^^ts  per  million  at  all  points  in 
the  upper,  river.   In  the  tidal  waters,  at  South.  Gardiner,  the  dissolved 
orygev.   content  of  the  water  was  about  3  parts  per  million,  the  minimum  de- 
serabie  for  fish  life.   In  general,  the  results  of  the  investigation  showed 
a  rise  and  fall  in  the  niimbor  of  bacteria  due  to  the  alternate  discharge  of 
raw  sewage  and  destruction"  of  bacteria  along  the  co-orse  of  the  river. 

One  of  the  v,'orst  sources  of  pollution  in  the  main  river  would  be  eliminated 
by  the  establishment  of  se\/age  treatment  works  at  Waterville.   Purification 
of  domestic  sewage,  together  witxx  partial  treatment  of  industrial  wastes, 
would  relieve  the  load  or  the  \7ater  purification  plant  at  Richmond,  v.'hich 
draws  its  watef  supply  from  the  river. 

Commercial  and  sport  fishing  in  the  tidal  portion  of  the  Kennebec  are  now 
impossible.  Although  almost  no  desirable  species  of  fish  now  occupy  the 
river,  it  is  uncertain  whether  the  economic  loss  incident  to  the  lack  of 
commercial  and  sport  fish  is  as  great  as  the  expense  of  devices  and  pro- 
cedures required  to  make  possible  their  return. 

Local  sanitary  experts  state-  that  (1)  the  dilution  capacity  of  this  stream 
is  probably  not  at  present  strained  to  a  point  seriously  threatening  the 
public  health;  (2)  the  ocular  nuisance  is  restricted  to  a  few  feet  around 
each  outfall;  (3)  when  the  ocular  nuisance  is  so  restricted,  local  citizens 
do  not  recognize  any  threat  to  the  public  health;  (U)  the  debt  structure  of 
nearly  all  Kennebec  basin  municipalities  renders  impractical  the  assumption 
of  community  liability  for  the  installation  of  treatment  plants,  althoiigh 
there  is  little  doubt  that  future  citizens  will  insist  upon  stream  purifica- 
tion. 


Commendable  progress  would  be  gained  by  an  impartial,  technical  survey  to 
determine:   the  degree  and  distribution  of  ')Ollution;  the  relative  signifi- 
cance of  the  various  outfalls  of  domestic  and  trade  wastes;  the  maximum 
permissible  pollution;  the  identity  of  those  commiinities  and  industries 
which  can,  individually  or  together,  most  economically  install  treatment 
plants;  the  feasibility  of  methods  of  refining  trade  waste;  the  practicabil- 
ity of  deriving  by-products  from  industrial  waste;  and  the  social  or  economic 
benefits  which  may  reasonably  be  anticipated  from  stream  purification.   The 
survey  should  give  special  attention  to  the  recreation  interests  and  their 
future  expansion,  which  means  that  particular  study  should  be  made  of  the 
pertinent  summer  conditions  in  lakes,  ponds,  and  adjoining  coastal  sections 
in  addition  to  the  conditions  in  effect  throughout  the  year  along  the  streams 
in  the  basin. 

Water  Supply     There  is  an  abund,ant  supply  of  surface  and  ground  water  in 
this  basin.  No  communities  of  over  500  population  are  without  public  water 
supplies.   Of  the  thirty-four  water  supply  systems  in  the  basin,  nearly  two- 
thirds  rely  upon  lake  or  pond  sources,  and  about  half  have  chlorination  plants. 

The  largest  supply  is  that  of  the  Kennebec  Water  District,  which  supplies 
chlorinated  water  from  China  Lake  to  Waterville,  Fairfield  and  Winslow.  Aug- 
usta uses  water  from  Carleton  and,  Winthrop  Ponds  after  subjecting  it  to  chlor- 
ine and  corrective  lime  treatment.   The  Richmond  supply,  taken  from  the  lower 
reaches  of  the  main  river,  is  filtered  and  chlorinated. 

Control  of  pollution  in  the  Kennebec  River  is  desirable,  not  only  from  the 
standpoint  of  public  health,  but  also  because  paper  mills  and  other  industries 
require  quantities  of  pure  water  for  manufacturing  processes.   The  sanitary 
survey  previously  recommended  could  readily  and  properly  include  the  collec- 
tion of  data  necessary  in  selecting  sources  of  supply  for  public  water  sys- 
tems and  for  the  industries  which  demand  large  volumes  of  clean  water.   The 
possible  expansion  of  communities  and  the  resultant  increase  in  their  water 
supply  needs  should  also  be  considered  in  this  STirvey. 

Flood  Control     The  large  amount  of  natural  storage  at  the  headwaters,  the 
numerous  flat  areas  along  the  river,  the  absence  of  stepp  river  slopes,  and 
the  heavy  timber  growth  in  the  upper  portion  of  the  basin — all  combine  to 
protect  the  Kennebec  River  from  extrem.e  floods. 

Moosehead  Lake,  with  its  high  degree  of  storage  reg-alation,  is  the  principal 
flood-reducing  factor.   The  highest  runoff  in  the  basin  occurs  between  Moose- 
head  Lake  and  the  Forks,  where  the  steep  slope  of  the  river  and  of  the  coun- 
try drained  by  the  river  aggravates  flood  conditions.  Moxie  Lake  effectively 
controls  the  89  square  miles  above  its  outlet.  Below  Bingham  the  river  has 
low  flood  characteristics  due  to  the  numerous  lakes  and  ponds  in  this  section 
and  to  its  moderately  sloping  topography. 

Although  by  far  the  most  serious  flood  to  date  from  the  standpoint  of  monetary 
losses,  the  1936  flood  was  not  the  highest  on  record,  for  the  peak  flow  of 
December,  1901  was  156,300  cubic  feet  per  second  as  against  154,000  cubic  feet 
per  second  for  the  peak  flow  in  March,  1936.   The  highest  floods  recorded  at  the 
Waterville  gaging  station  are  as  follows: 


7U 

Maximum  Runoff  ■ 

Discharge  C?.  S.  per 

Date  C.F.S.  Sq.Mi. 

M^ay  IS32  lUO.OOO**  32. S 

March  1896  113,000*  26.0 

December  I9OI  156,800*  36.6 

May  1923  135,000*  31. U 

March  I936  15U,000*  ,31.6 

*Pe.ak:  dischargn. 
**Unofficial 

The  estimated  damages  in  I936  amountu'd  to  $1,631, 000.  divided  between  direct 
damages  of  $1,356,000  and  indirect  damages  of  $275,000. 

The  Army  Enr^ineers  have  recently  made  a  survey  of  th.^  Kennebec  River  under 
authority  of  the  Committee  on  Cororaerce  of  the  United  States  Senate  and  have 
investigated  27  sites,  of  which  the  five  where  development  for  flood  control 
co\ild  be  accomplished  with  the  greatest  economy  are: 


Elevation 

Runoff 

Drainage 

Spillway 

Capacity 

Equivalent 

Site 

River 

nrea 

.  (Sa.Mi.) 

Crest  (Ft.) 

(Acre-Feet) 

(Inches) 

Long  Falls 

Dead  River 

521 

ll^u.O* 

223,000 

g 

Anson 

Carrabassett 

3UI 

405.0 

130,000 

7.15 

Stark 

Sandy  River 

625 

255.0 

170,000 

5.1 

Moose  Pond 

Sebasticook 

212 

26^^.0 

105,000 

9.3 

Pittsfield 

Sebasticook 

323 

I85.O 

113,000 

5.? 

*Plood  control  only:   fo:*  alternative  combined  power  and  flood  control 
project,  spillway  elevation  would  be  115*+;  power  storage  elevation  limit, 
IIU5. 


All  five  sites  were  studied  by  the  Army  Engineers  to  determine  possibilities 
for  combined  storage  for  power  and  flood  control  purposes,  the  power  storage 
to  be  provided  by  reservoir  capacities  from  the  bottom  of  the  dam  to  a  sat- 
isfactory elevation,  .and  the  flood  control  storage  to  be  provided  in  a 
definitely  reserved  portion  of  the  reservoir. 

Only  one  of  the  5  reservoirs  considered,  that  at  Long  Falls  on  the  Dead 
River,  showed  attractive  possibilities  for  combined  flood  and  power  storage. 
Operation  of  storage  for  best  prime  flow  at  the  dam  site,  as  well  as  down- 
stream from  the  site,  cane  under  consideration.   The  secondary  power  was 
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not  investigated,  as  it  has  no  value  in  Maine.   There  are  325  feet  of  de- 
veloped head  below  the  site,  of  which  3I2  feet  are  utilized  by  installations 
of  s-officient  capacity  to  benefit  froa  increased  low  flow. 

The  development  of  the  other  four  reservoirs  for  combined  power  and  flood 
control  wo\ild  not  be  so  desirable  as  their  development  for  flood  control 
alone,  according  to  the  findin£;s  of  the  Anny  Engineers.   Nevertheless, 
these  reservoirs,  if  developed  primarily  for  flood  control,  could  be  so 
operated  as  to  afford  incidental  benefits  to  power  developments  downstream. 
The  approximate  amount  of  the  increased  primary  power  output  which  would 
result  from  the  operation  of  the  four  reservoirs  would  be  lU,SOO,000 
kw.-hrs.   If  only  the  Anson  and  Stai'k  Reservoirs  were  developed  the  in- 
creased annual  primary  output  would  be  10  million  kw.-hrs. 

Power     The  Kenjiebec  River  is  one  of  the  great  potential  sources  of 
power  in  New  England.   Of  the  estimated  available  capacity  of  376,567 
horsepower  on  the  main  river  and  tributaries,   loG.SOO  horsepower  are 
at  present  developed.   Between  the  outlet,  of  Moosehead  Lake  and  the  head 
of  tidewater,   at  Augusta,   the  river  falls  1C26  feet.   The  uppermost 
development  on  the  main  river  is  the  WjTnan  plant  of  the  Central  Maine 
Power  Company,  at  Bingham,  about  76  miles  above  jiugusta.  Along  this 
76-mile  stretch  there  are  I3  installations  which  utilize  a  total  fall  of 
325  feet  obtained  at  9  dams.    The  total  power  developed  amounts  to 
139, 7U6  horsepower.  The  Wyman  plant,  the  largest  in  Maine,  has  a  present 
installed  capacity  of  68,000  horsepower,   (ultimately  102,000  h.p.)  under 
a  head  of  I35  feet.   In  March,  I936  the  dam  at  Fairfield  was  partially 
destroyed  by  flood,   so  that  the  two  plants  utilizing  the  12-foot  head 
at  this  point  and  developing  36U  horse  jower  are  at  present  not  in  ijse. 
The  1650  horsepower  plant  at  Benton  Falls  on  the  Sebasticook  wa?  destroyed 
in  March,  I936.  A  2g-foot  dam  at  Solon  was  formerly  used  to  develop  UOOO 
horsepower,  but  at  present  the  site  is  unused.   This  28-foot  head  is  not 
included  in  the  total  of  325  feet  mentioned  above. 

Numerous  small  plants  located  on  the  tributaries  have  a  total  installed 
capacity  of  2l,05U  horsepower,  under  heads  ranging  from' 8  feet  to  215 
feet.  On  Messalonskee  Stream  k   plants  of  the  Central  Maine  Power  Company 
develop  10,150  horsepovrer,  half  of  the  total  power  on  the  tributaries. 

Public  utilities  develop  about  two-thirds  of  the  total  power  of  the  basin; 
textile,   pulp  and  paper,  and  lumber  mills  account  for. the  other  third. 
The  division  between  these  two  classes  of  use  is  shown  in  Table  VI-A. 


The  present  developments  of  1000  horsepower  or  over  on  the  main  river  and 
the  tributaries,  as  listed  by  the  Aug^ista  Office  of  the  U.  S.  Geological 
Survey,  January  1,  1937,  are  as  follows: 


River 

Kennebec  Eiver 
Kennebec  Eiver 
Kennebec  River 
Kennebec  Eiver 
Kennebec  Eiver 
Kennebec  Eiver 
Kennebec  Eiver 
Kennebec  Eiver 
Kennebec  River 
Messalonskee  Stream 
Messalonskee  Stream 
Messalonskee  Stream 
Messalonskee  Stream 
Sebasticook  River 
Sebasticook  River 
Cobbosseecontee  Stream 
Cobbosseecontee  Stream 


Location 

Wheel  Capacity 

or  Plant 

H.  P. 

Augusta 

3,032 

Aug,usta 

4,307 

Waterville 

10,560 

Winslow 

5,916 

Shawmut 

7,200 

Weston 

17,350 

Madison 

14,030 

Madison 

8,170 

Wyman 

68,000 

Waterville 

2,100 

Waterville 

1,250 

Rice  Eit)s 

2,800 

Oakland 

4,000 

Fort  Halifax 

1,700 

Burnham 

1,735 

Copsecook  Mill 

1,000 

Gardiner 

1,300 

154,450 


Tliese  plants  account  for  154,450  horsepower;  the  remaining  6350  horsepower 
is  developed  at  32  plants  having  installations  ranging  from  100  to  500  horse- 
power. 

The  m.ajority  of  the  undevslope<?  power  available  on  the  main  river  is  in  that 
portion  of  the  river  between  Bingham  and  the  outlet  of  Moosehead  Lake;  it 
amounts  to  about  110,440  horsepower,  on  a  60^^  of  the  time  basis.   Below 
Bingham,  the  60^  power  amounts  to  about  39,000  horsepower.   Table  VII-A 
gives  the  estimated  installed  capacities  at  several  of  the  undeveloped  sites 
on  the  main  river,  using  an  assiuned  turbine  efficiency  of  80  per  cent.   There 
is  an  additional  51,640  horsepower  available  on  the  tributaries,  but  it  is 
unlikely  that  much  of  this  will  be  developed  in  the  near  future  because  of 
the  distance  to  a  suitable  market.   The  potential  power  sites  on  Dead  Eiver 
give  greatest  promise  of  development,  because  if  a  storage  reservoir  were 
built  at  Long  Palls  on  that  river  it  could  be  used  to  regulate  stream  flow 
over  413  feet  of  undeveloped  head. 

The  U.  S.  Army  Engineers  have  considered  the  power  possibilities  on  this 
river  in  connection  with  their  flood  control  investigations.   An  installa- 
tion at  the  Long  Palls  site  has  been  studied  in  conjunction  with  the  reser- 
voir.  The  head  which  could  be  utilized  here  would  be  81  feet;  the  installed 
capacity,  about  11,000  horseDOwer. 


79 


The  present  natural  storage  amo-onts  to  932,000  acre-feet;  the  water  area, 
about  300  sqToare  miles,  or  5^  of  the  watershed.  Moosehead  Lake,  with  a 
capacity  of  5^2,000  acjre-feet  and  a  water  surface  area  of  II7  square  miles, 
controls  the  runoff  from  an  area  of  I2U0  sq\iare  miles,  or  22^  of  the  total 
basin.  One  inch  of  runoff  from  this  entire  area  raises  the  water  level  of 
Moosehead  less  than  one  foot. 

The  drainage  areas,  water  areas  and  capacities  of  the  principal  existing 
storage  reservoirs  are  as  follows: 


Drainage 

Water   Surf- 

Capacity 

Lake   or   Pond 

Area-Sq.Mi. 

ace  -   Sq.   Mi. 

Acre-Feet 

Moosehead  Lake 

1240 

117.0 

51+2,000 

Bras  sua  Lake 

702 

15.1 

206,000 

Wood  and  Attean  Ponds 

320 

7.2 

8,000 

Long  Pond 

520 

5.0 

lU.UOO 

Roach  Ponds 

117 

.      8.0 

29,000 

Moxie  Ponds. 

80 

3.0 

16,100 

Pierce  Pond 

■      18 

2.3 

1U,300 

Additional  available  storage  in  the  basin,  as  reported  in  the  1st  Annual  Re- 
port (1920)  of  the  Maine  Water  Power  Commission,  amounted  to  508,700  acre-feet. 
(Of  that  amount  206,000  acre-feet  have  since  been  developed  in  Brassua  Lake.) 
It  was  estimated  that  this  additional  storage  would  increase  the  power  available 
50^  of  the  time  at  existing  plants  by  more  than  60,000,000  kilowatt -hours  a 
year.   Tables  VIII-A  and  IX-A  summarize  information  on  existing  storage  and 
potential  storage,  respectively. 

Navigation     The  total  navigable  distance  on  the  Kennebec  thro-ugh  Merry- 
meeting  Bay  to  Augusta  is  kk   miles.   The  project  depth  at  mean  low  water  is 
16  feet  to  Gardiner  and  11  feet  from  there  to  Augusta.   The  traffic  in  1935, 
most  of  which  was  in  coal,  totalled  166,976  tons.   Considerable  shoaling  has 
occurred  suid  the  desirability  and  extent  of  work  required  to  restore  project 
depths  is  being  investigated. 

Erosion     Effects  of  sheet  erosion  are  in  evidence  throughout  the  inhabited 
portions  of  the  main  river  valley.   As  yet  these  effects  are,  with  minor  ex- 
ceptions, slight;  nevertheless,  erosive  action  is  steadily  destroying  fertile 
river  valley  soils. 

Drainage     An  extensive  tidal  estuary  receiving  the  flow  of  the  Kennebec  and 
Androscoggin  Rivers  bears  two  names  locally — Merrymeetipg  Bay  and  Kennebec 
River —  the  applications  of  which  are  vague  and  tend  to  be  interchangeable. 
The  shores  of  this  estuary  are  largely  salt-marsh  and  flats  which  afford  food 
and  shelter  for  migratory  birds  as  well  as  for  native  wildlife.   In  the  vicinity 
of  settlements  the  marsh  land,  a  prolific  breeding  place  of  mosquitoes,  con- 
stitutes a  public  nuisance.   Drainage  will  abate  the  nuisance,  but  if  too  ex- 
tensively applied  will  obliterate  the  very  characteristics  that  now  make  the 
marsh  a  natural  stopping  place  of  migratory  birds.   Therefore,  a  balance  of 
benefits  must  be  secured  wherein  small  swamp  areas  adjoining  settlements  may 
be  drained  to  reduce  the  local  mosquito  nuisance  but  the  larger  part  of  the 
marshlajid  left  in  a  condition  favorable  to  wildlife. 
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The  Maine  State  Entomologist  has  suggested  that  approximately  2000  acres  of 
marsh  lying  in  three  coastal  to'jms  near  the  outlet  of  the  estuary  he  drained 
for  the  benefit  of  permanent  and  summer  residents.   Since  the  area  under 
consideration  represents  less  thtin  one-tenth  of  the  marsh  land  in  the  vicin- 
ity, and  since  its  proximity  to  communities  reduces  its  attractiveness  to 
wildlife,  it  is  probable  that  drainage  of  these  2000  acres  will  not  appreci- 
ably reduce  the  wildlife  benefits  now  enjoyed. 

The  characteristically  sharp  slope  of  the  basin  above  the  estuary  reduces 
swamp  areas  to  land  pockets  or  lake,  pond  and  stream  shores.  All  swamps  and 
marshes  shelter  wildlife,  and  only  in  small,  scattered  localities  does  the 
mosquito  nuisance  jiistify  artificial  drainage. 

Recreation  Depreciation  of  recreational  attractions  in  the 

Kennebec  basin  will  caiise  depletion  of  the  summer  settlements;  by  the  same 
token,  preservation  of  water  resources  will  tend  to  increa.se  the  number  of 
hunters,  fishermen,  and  vacationists  who  come  to  this  region  where  water  is 
the  chief  recreational  asset.   The  water  assets  are  so  varied  that  it  is 
easy  to  affect  one  adversely  when  striving  to  correct  another.   Specifically, 
development  to  effect  complete  mosquito  control  in  the  Merr -/meeting  Bay  dis- 
trict would  destroy  one  of  the  largest  gathering  -olaces  for  migratory  birds 
in  Hew  England.   The  Merr;'/meeting  Bay  bird  problem  has  been  reviewed  by  the 
National  Biological  Survey,  particularly  in  reference  to  the  damage  done  to 
feed  grounds  by  silt  deposited  during  the  March,  1935  flood. 

The  absence  of  desirable  fish  species  in  the  lower  Kennebec  could  be  cor- 
rected, but  the  procedure  would  probably  cost  more  than  it  is  worth.   Re- 
construction of  fishways  and  stream  purification  may  prove  practical  at  a 
future  date.   Abundant  fish  life  still  exists  in  the  tributary  streams  and 
water  bodies;  hence,  water  control  developments  should  avoid  any  fluctua- 
tions in  water  level  which  are  detrimental  to  fish.   It  is  kno'.7n  that  on 
reservoirs  which  are  drawn  down  during  the  bird-nesting  season,  waterfowl 
nests  are  stranded  and  the  eggs  or  chicks  abandoned.  Also  it  is  believed 
that  deer  have  migrated  when  the  reservoirs  upon  which  they  relied  were 
drained  until  boggy  sh'-.res  were  exposed,  or  until  the  water  became  stagnant. 

The  absence  of  intensive  recreational  development  along  the  attractive  shores 
of  the  Kennebec  above  the  mouth  of  the  Androscoggin  is  not  easily  explained, 
but  the  situation  is  probably  not  due  to  stream  pollution. 

It  seems  unwise  to  indicate  recreation  and  wildlife  problems  beyond  recom- 
mending restricted  drainage  in  Merrymeeting  Bay.   For  other  parts  of  the 
Kennebec  basin  all^ proposals  should  be  thoroughly  reviewed  by  recreation  and 
wildlife  authorities  prior  to  final  approval. 
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ANDEOSCOGGIN  BASIN 


GENEBAL  DE5CRIFTICN 

The  Androscoggin  River  tasin  is  the  third  largest  interstate  drainage  tasin 
in  New  England,  teing  exceeded  in  area  ty  the  Connecticut  and  Merrimack 
basins  only.   Its  total  area  is  3470  square  miles;  of  this  total.  New  Hamp- 
shire contains  695  square  miles  and  Maine  2775  square  miles.   The  long  axis 
of  the  basin  is  about  110  miles,  while  the  short  is  about  55  miles.   The 
headwaters  of  the  Androscoggin  lie  near  the  intersection  of  the  Canadian,  New 
Hampshire  and  Maine  boundaries  and  drain  into  Umbagog  Lake  on  the  boundary 
between  New  Hampshire  and  Maine.   The  Androscoggin  flows  out  of  the  New  Hamp- 
shire side  of  Umbagog  Lake;  follows  a  southerly  course  for  about  35  miles 
to  Gorham;  turns  abruptly  east  and,  after  flowing  in  this  direction  about  20 
miles,  crosses  the  state  line;  ftontinues  easterly  to  Bethel  and  then  south- 
easterly to  Brunswick,  at  the  head  of  tidewater;  and  finally  enters  Merry- 
meeting  Bay,  '.There  it  joins  the  Kennebec.   The  length  of  the  river  from  Um- 
bagog Lake  to  Merrym.eeting  Bay  ir,  about  170  miles,  of  v/hich  nearly  120  miles 
are  in  Maine.   If  the  tributaries  above  Umbagog  Lake  are  counted,  the  total 
length  of  the  main  river  and  its  principal  headwater  feeder  is  200  miles. 

The  general  level  of  the  basin  is  the  highest  of  any  on  the  Atlantic  seaboard. 
The  headwaters  rise  in  rough,  mountainous  country  with  land  elevations  aver- 
aging about  3000  feet  above  sea  level.   From,  the  rugged  upper  area  the  topog- 
raphy graduates  into  a  somewhat  irregular  and,  near  the  mouth,  comparatively 
low  and  rolling  terrain.   Of  the  1243  feet  offal],  in  the  river  between  Umba- 
gog Lake  and  tidewater,  800  feet  occur  between  the  Lake  and  the  foot  of  Rum- 
ford  Falls  in  a  little  over  half  the  length  of  the  river.   The  1913  report 
of  the  State  Water  Commission  listed  195  bodies  of  water  as  tributary  to  the 
Androscoggin.   The  total  water  area  is  143  square  miles,  or  4.1^^  of  the 
drainage  area.   Mooselookmegijntic  Lake,  with  26.0  square  miles  of  water  sur- 
face, is  the  largest  body  of  V7ater  in  the  basin. 

The  principal  rock  formation  is  granite, with  nn  ovf-rburdfn  of  glacial  ss^id   and 
gravel.   Nearly  85^  of  the  basin  area  is  woodland,  of  which  a  large  percent- 
age has  been  cut  over.   The  crop  land,  fou.nd  mostly  along  the  lower  half  of 
the  river  valley,  accounts  for  about  7^o   of  the  '.vatershed  area. 

The  average  annual  precipitation  varies  from  33  inches,  near  the  source,  to 
40  inches  in  the  lower  sections.  In  the  northern  part  of  the  basin,  summer 
and  fall  have  slightly  higher  rainfall  than  the  other  seasons,  but  near  the 
mouth  the  monthly  distribution  is  uniform.  The  summer  temperature  averages 
from  63°  to  66°  and  the  winter  from  24°  to  31°,  both  -averages  varying  with 
the  altitudes. 

The  most  important  tributaries  of  the  Androscoggin  are-  the  Magalloway  Biver 
and  the  Rangeley  Lakes  system,  the  two  headwater  systems  which  unite  to  form 
the  main  river. 
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The  Magalloway  drains  the  Parraacnenee  Lake  syctem  in  the  uppermost  part  of 
the  basin.   It  has  a  length  of  about  3O  miles  and  drains  about  U5O  square 
miles  before  joining  the  Androscoggin  at  the  outlet  of  Umbagog  LaJce.   Sawyer, 
or  Aziscohos  Lake,  an  artificial  reservoir,  is  the  largest  water  body  in  the 
Magalloway  river  system.   It  is  about  Ik   miles  long,  has  a  water  area  of 
10,5  square  miles,  and  controls  about  233  square  miles  of  drainage. 

The  Rangeley  Lakes  system,  which  includes  Kennebago,  Rangeley,  Mooselook- 
meguntic,  Richardson  and  Urabajog  Lakes  and  their  tributary  streams,  drains 
the  rugged  and  largely  ■'ondeveloped  comitry  of  northwestern  Maine.   The  drain- 
age area -of  the  lake  system  is  about  635  square  miles,  of  which  fO   square 
miles,  or  11^,  is  water  area. 

Discharge  records  at  gaging  stations  on  the  main  river  and  some  tributaries 
are  kept  by  the  U.  S.  Geological  Survey  with  the  cooperation  of  the  state  of 
Maine.  Detailed  data  for  these  stations  can  be  found  in  the  U.  S.  Geological 
S-iTvey's  Water  Supply  Papers,  Part  I  -  North  Atlantic  Slope  Basins.   In  Table 
III-A  are  given  summarized  data  for  these  stations,  obtained  from  unpublished 
records  of  the  District  Engineer  at  Augusta  and  from  the  published  papers  of 
the  survey. 

The'  hydrograph  on  Chart  3  shows  the  average  monthly  runoff  at  Humf ord  during 
the  past  15  years.  'The  average  runoff  from,  the  drainage  area  of  209O  square 
miles  above  Rumford  is  1.6b  cubic  feet  per  second  per  square  mile. 


HUllAN  OGCUPAHCY 

Population     The  Androscoggin  basin  had  a  population  in  193'^'  °^   lU5,000 — 
nearly  lOfo  more  than  in  I92O.   There  is  a  considerable  variation  in  the  dis- 
tribution of  the  pop^ilation:   the  average  density  for  Orford  county,  in  the 
north,  is  21  per  square  mile,  while  that  for  Androscoggin  coiuity,  in  the 
southern  industrialized  section,  is  I55  per  square  mile.   The  basin  popula- 
tion, including  22,000  people  in  New  Hampshire,  is  equal  to  l&f.   of  the  popu- 
lation of  the  State  of  Maine. 

The  twelve  cities  and  tOT,-nS  of  more  than  25CO  population  have  three-fourths 
of  the  inhabitants  of  the  watershed.  The.  1930  population  of  these  communi- 
ties was: 

Lewiston,  Me.  ,        3^,3^5 

A'^hiirn,  Me,  lc,571 

Berlin,  N.  H.  '              20,012 

Rumford,  Lie.  '          10,340 

Brui-iswick,  Me.  7,604 

Mexico,  Me.  4,767 

Lisbon,  Me.  .4,002 

Paris,  Me.  3,76l 

Livermore  Falls,  Me.          3,l48 

Norv/ay,  Me.  3,l45 

Jay,  Me.  3.106 

Gorham,  N.  H,  2,763 

Nearly  tho-thirds  of  the  population  of  the  basin  is  classed  as  urban. 
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The  industrialized  character  of  this  region  accounted  for  the  lOfo   increase  in 
population  between  19:30  and  1930  in  contrast  to  that  of  less  than  4^  in  the  en- 
tire state  of  Maine.   Practically  the  entire  gain  occurred  in  towns  having  over 
2500  population,  of  which  only  two,  Lisbon  and  Jay,  lost  in  this  period.   The 
communities  which  gained  are  located  for  the  most  part  along  the  main  river,  as 
shown  in  Map  7.   Coirimunities  that  lost  population  lie  along  the  edges  of  the 
forest  areas  and  near  the  borders  of  the  basin.   On  account  of  its  manufactur- 
ing activities  this  section  of  the  state  will  probably  continue  to  grow  more 
rapidly  than  will  Maine  as  a  whole. 

Agriculture     Ivlost  of  the  farm  land  in  the  basin  lies  along  the  main  streams 
in  the  southern  part  of  the  watershed.   Parts  of  it  are  above  the  state  average 
in  fertility,  as  indicated  by  the  value  per  acre.   Other  portions,  especially 
in  Oxford  county,  are  rocky  and  unsuitable  for  tillage.   The  total  value  of 
agricultural  products  was,  in  1930,  approximately  $9,000,000.   The  principal 
sources  of  farm  income  are  poultry  and  dairy  products,  field  and  orchard  crops. 
This  region  has  the  advantages  of  large  local  markets  and  excellent  transporta- 
tion facilities  to  outside  points. 

It  is  likely  that  the  local  market  factor  will  enable  farming  activities  to 
keep  pace  with  industrial  growth  in  the  basin.   Access  to  outside  markets  such 
as  Portland  and  Boston  will  probably  encourage  a  continuance  of  specialized 
farming,  particularly  in  the  dairy  and  poultry  lines.   This  watershed,  in  common 
with  others  in  Maine,  has  certain  rural  problem  areas  along  the  wilderness 
borders. 

Industry     The  value  of  products  manufactured  in  the  Androscoggin  valley  in 
1933  amounted  to  about  40%   of  the  Maine  total.  Textiles,  centered  in  Lewiston, 
boots  and  shoes  in  Auburn,  and  pulp  and  paper  in  Berlin  and  Romford  constitute 
the  principal  manufactures  in  the  basin. 

Industrial  growth  will  be  governed  largely  by  the  general  conditions  in  the 
shoe,  textile  and  paper  industries,  and  by  labor  conditions.   The  water  re- 
sources for  power  and  manufacturing  purposes,  the  timber  supply,  and  transpor- 
tation facilities  offer  advantages  that  should  attract  new  industries  in  the 
future. 

Mining     Granite  qn;i.rries,  at  one  time  quite  active,  are  still  operated,  but 
with  limited  output.   Tnere  are  also  mica  and  lime  deposits  but  production  in 
recent  years  has  been  of  small  volume. 

Lumbering     Liunbering  has  been  a  very  active  industry,  due  to  the  vast  supply 
of  timber  and  pulp-wood,  mainly  spruce  auid  fir,  in  the  northern  part  of  the 
basin.   There  are  also  large  quantities  of  hardwood  in  the  central  part  of  the 
watershed  and  white  pine  in  the  nouthf^rn  section.   The  timber  cut  in  the  Maine 
portion  of  the  basin  for  1937-1934  av'-raged  about  100,000,000  board  feet  per 
year,  of  which  about  8Qfo   was  pulpwood.   This  cut  was  heavier  than  that  of  either 
the  Penobscot  or  the  Kennebec  watersheds.   In  addition,  there  was  substantial 
prodjiction  in  Coos  count;'',  in  Sew  Hampshire.   Although  there  is  a  moderate  a- 
mount  of  manufacturing  in  wood-iising  industries,  the  bulk  of  the  timber  is  used 
for  pulpwood,  and  the  degree  of  future  developm.ent  in  the  lumbering  industry 
will  depend  to  a  great  extent  upon  the  condition  of  the  pulp  and  paper  industry. 


Recreation     Summer  homes  and  iiotels  are  scattered  throughout  the  entire 
basin.   Of  the  many  sportin^;  and  recreation  centers  in  this  tasin  Rangeley 
Lakes  and  PoLand  Spring  are  probably  the  best  known.   Bsating  and  bathing  in 
the  main  streams  are  handicapped  by  pollutiqn  and  by  the  continuous  fluctua- 
tion of  water  levels  incident  to  water  power  prod^iction.   The  tributary  streams 
and  lakes  shelter  many  species  of  fish  and  attract  many  vacationists. 

Transportation     In  common  witn  other  rivers  of  Maine,  transportation  on  the 
Androstxggin  River  is  confined  to  log  driving.   Brunswick,  only  5  niles  above 
the  Kennebec  River  channel,  is  at  the  head  of  tidewater.   In  1S31  and  I916  the 
Array  Engineers  investigated  the  possibility  of  extending  navigation  from  Merry- 
meeting  Bay  to  Brvmswick,  and  reported  that  the  cost  of  such  a  project  would 
greatly  exceed  the  benefits. 

The  southern  half  of  the  basin  has  a  highway  system  adequate  to  meet  present 
needs.   The  northern  half,  largely  wilderness,  has  sufficient  roads  to  provide 
access  to  lake  properties  and  settlements.  A  trunk  highway  extends  along  the 
Androscoggin  River  from  the  lower  valley  through  Ruraford  and  west  into  New 
Hampshire.   Traffic  into  and  across  the  lower  part  of  the  basin  is  so  great  as 
to  demand  construction  of  an  improved  trunk  highway  in  this  section,  and  such 
a  highway  has  been  recommended  by  the  Maine  State  Planning  Board  and  the  New 
England  Regional  Planning  Commission. 

The  southern  part  of  the  basin  is  served  by  the  main  line  and  branches  of  the 
Maine  Central  Railroad  and  by  the  line  of  the  Grand  Trunk  Railroad  from  Port- 
land to  Montreal.   A  branch  of  the  Boston  and  Maine  Railroad  runs  from  Berlin, 
N.  H.  to  Fnitefield  in  the  Connecticut  Valley.   The  railroads  formerly  pene- 
trating the  Rangeley  LaJres  region  have  been  abandoned  and  replaced  by  bus  lines. 

No  regularly  scheduled  air  transport  service  is  provided  at  any  point  in  this 
basin.  Airways  from  Portland  to  Rangeley  and  from  TTaterville  along  the  Andros- 
coggin valley  to  Whitefield,  N.  H. ,  Montpelier  and  Barre  ,  Vermont,  have  been 
suggested.   There  are  landing  fields  at  Auburn-,  Bethel  and  Berlin. 


WATER  USE  AND  CONTROL 

Pollution     Of  the  .major  Maine  rivers,  the  Androscoggin  needs  first  considera- 
tion in  a  prograiD  for  pollution  abatement.   There  are  I3O, 000  persons  living  in 
the  Androscoggin  valley,  concentrated  in  the  several  cities  and  towns  along  the 
river.   These  points  of  concentrated  population  are  also  industrial  centers,  and 
neither  the  domestic  sewage  nor  the  industrial  v/astes  receive  treatment  before 
being  discharged  into  the  river.   Elsewhere  in  Maine  higher  concentrations  of 
population  may  exist  but  in  no  one  place  is  the  total  number  of  persons  affected 
so  great  as  on  the  Androscoggin.   The  principal  sources  of  domestic  pollution 
are  Berlin  and  Gorham,  New  Hampshire;  Rumford  and  Mexico,  Maine;  Livernore  Falls 
and  Jay,  Maine.   Paper  mills  are  located  at  each  of  these  points,  except  Lewis - 
ton-Auburn,  where  there  are  several  textile  and  shoe  plants.   The  Maine  section 
of  the  basin  contains  thirty-four  boot  and  shoe  plants,  twelve  pulp  and  paper 
mills,  and  fourteen  textile  factories,  employing  altogether  nearly  19,000 
workers. 

In  1930  a  river  survey,  financed  by  the  Maine  pulp  and  paper  companies,  covered 
the  stream  to  the  New  Hampshire  line.   The  samples  talcen  near  the  state  line 
contained  four  parts  per  million  of  dissolved  oxygen,  the  bare  minimum  neces- 
sary to  support  fish  life;  it  was  found  that  even  heavier  pollution  existed  at 
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Auburn  and  Lewiston.   Between  Lewiston  and  Brunswick  the  river  falls  approxi- 
mately 100  feet,  and  the  attendant  aeration  of  the  water  offsets  the  effect  of 
wastes  entering  the  river  between  these  points.   The  Androscoggin  basin  as  a 
whole  carries  a  greater  pollution  load  per  square  mile  of  drainage  area  than 
any  other  Maine  stream,  with  the  possible  exception  of  the  Presumpscot, 

Because  of  the  low  oxygen  content  and  the  lack  of  adequate  fishways,  the  main 
stream  of  the  Androscoggin  system  is  practically  devoid  of  desirable  fish 
species.   This  situation  does  not  present  so  important  a  problem,  in  the  minds 
of  public  health  officials,  as  the  insanitary  condition  of  the  river  at  Lew- 
iston— Auburn.   However,  the  financial  conditions  of  these  two  cities  prevent 
immediate  assumption  of  responsibility  for  providing  proper  treatment  of  their 
domestic  wastes  which,  introduced  directly  into  the  river,  materially  accentu- 
ate the  local  sanitarj'  hazard.   Nor  are  the  industrial  concerns  of  the  valley 
able  to  Tondertake  proper  refinement  of  their  trade  wastes. 

Since  New  Hampshire  contains  20^  of  the  drainage  basin  and  introduces  wastes 
into  the  river,  the  pollution  problem  requires  interstate  cooperative  action. 
The  1930  survey  points  out  the  necessity  for  more  detailed  information  on 
sanitary  conditions,  so  that  reduction  of  pollution  to  the  practical  minimum 
can  be  achieved  intelligently  and  economically.   The  amo-ionts  chargeable  to 
pollution  for  destruction  of  residential,  industrial  and  recreational  assets, 
the  proper  means  of  financing  and  operating  sanitary  control,  as  well  as  the 
legislation  necessary  to  facilitate  interstate  cooperation  on  pollution  problem: 
— all  require  thorough  investigation.   Special  attention  should  be  given  to 
recreation  and  wildlife  because  these  assets,  potentially  great,  have  thus  far 
suffered  the  most  from  pollution. 

Water  Supply     Abundant  surface  and  ground  water  is  available  in  the  Andros- 
coggin ba-sin,  and  all  concentrated  communities  are  served  by  adequate  public 
water  supplies.   Although  the  basin  has  a  fairly  high  pop-ulation  density,  so 
that  water  supply  developments  are  numerous,  nevertheless,  ample  opportunities 
for  new  surface  and  ground  v/ater  supply  development  exist.   In  New  Hampshire, 
Be^rlin  (pop.  20, 018)  is  served  by  a  public  surface  supply  which  receives 
chlorination,   Gorham,  Errol  and  Randolph  also  have  organized  water  supply 
systems.   Milan  is  the  only  town  of  any  size  in  the  New  Hampshire  portion  of 
the  Androscoggin  basin  without  a  v;ater  supply  system. 

Twenty-four  communities  in  the  Androscoggin  valley  in  Maine  have  water  supply 
systems,  the  sources  of  which  are  divided  about  eq-orilly  among  lakes  and  ponds, 
wells  and  springs,  and  small  tributary  streams.   No  municipalities  tal-:e  water 
directly  f^om  the  main  river.   The  largest  cities,  Lewiston  and  Auburn,  use 
chlorinated  water,  taken  from  Auburn  Lake.   The  one  filtration  plant  in  the 
basin  is  located  at  Mechanic  Falls. 

The  paper  mills  scattered  along  the  Androscoggin  in  New  Hampshire  and  Maine 
vitally  affect  the  social  and  industrial  well-being  of  the  valley.   These  mills 
require  large  quantities  of  clean  water  for  their  manufacturing  processes. 
Thus  any  survey  of  water  supply  needs  should  give  ccireful  consideration  not 
only  to  present  and  future  public  water  uses,  but  also  to  industrial  uses  of 
large  volumes  of  pure  water. 
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Flood  Control     The  flood  hazard  in  the  Androscoggin  valley  occurs  between 
Errol,  New  Hampshire  and  Brunswick,  Maine,  in  which  stretch  of  river  the  drain- 
age area  is  controlled  to  only  a  small  degree.  Above  Errol  there  is  excellent 
control  which  is  effective  for  points  downstream.   The  effectiveness  of  this 
control  diminishes  directly  as  the  tributary  drainage  area  increases. 

Between  Errol  and  Rumford  the  tributaries  have  a  quick:  runoff  which  causes 
peaking  of  the  flov.-  and  results  in  the  overflowing  of  the  intervale  land.   Like 
conditions  prevail  between  Rumford  and  Livermore  Falls. 

Floods  are  usually  caused  by  hea^/y  rain  ,and  the  quick  melting  of  snow.   In  March 
1936  the  peak  flow  at  Auburn  reached  135,CC0  cubic  feet  per  second,  and  the 
damages  suffered  from  this  flood  amounted  to  $U, 392,000  divided  between  direct 
losses  of  $2,756,000  and  indirect  losses  of  $l,63b,OC'0,  Most  of  the  loss  was 
incurred  in  Maine,  that  in  New  Hampshire  being  only  $l60,000. 

Previous  high  floods  have  been  recorded  in  IS96,  1923  and  1927-  The  floods  of 
IS96  and  1923,  both  spring  floods,  caused  comparatively  little  damage;  that  of 
1927,  a  November  flood,  resulted  in  losses  at  Berlin  and  Gorham,  New  Hampshire 
of  $350,000  to  $UOC,000,  exclusive  of  damages  to  railways.  The  peak  at  Auburn 
was,  however,  60,000  cubic  feet  per  second,  less  than  in  I096  or  I923. 

Much  of  the  flooding  and  resultant  damage  in  heavy  spring  freshets  is  due  to 
ice- jams.   This  jamming  is  aggravated  by  bridge  abutments  and  piers  and  other 
obstructions  in  the  river,  r/hich  are  thus  often  responsible  for  excessive  da^i- 
age.   If  flood  losses  are  to  be  reduced,  it  is  highly  desirable  that  in  the 
future  bridges  be  built  with  ample  water  ways  and  that  highways  be  located 
above  flood  levels. 

In  the  investigations  made  by  the  U.  S.  Army  Engineers  in  193^  of  flood  control 
sites  on  the  Androscoggin  River,  the  four  most  favorable  sites  having  possible 
value  for  flood  control  were: 

Reservoir  Site        Drriiiiage  Area      Reservoir  Capacity      Runoff 
(Sq.Mi.)  (Acre-feet)  Inches 

Oxford  231  92,000  7.5 

Buckfield  I56  6I.OOO  7.3 

Dixfield  125  1+0,300  6.0 

Rumford  965  295.000  5-7 

TOTAL-  lU,077  502,300 

The  Army  Engineers'  preliminary  analysis  of  the  annual  charges  of  these 
reservoirs  and  the  annual  flood  benefits  shows  that  the  flood  benefits  would 
be  only  half  to  two-thirds  of  the  total  annual  costs. 

Power     The  Androscoggin  River  has  been  developed  more  highly  than  any  other 
river  in  Maine,  Irirgely  because  of  the  steepness  of  the  river  slope,  the  large 
amount  of  storage,  aiid  the  demand  for  power  created  by  the  textile  and  pulp  and 
paper  plants  along  the  river.   Of  the  approximately  353,000  horsepower  avail- 
able on  this  river,  2U6, 1^169  horsepower  are  at  present  developed.   This  is  U5^ 
as  much  as  the  total  installed  capacity  in  all  Maine. 
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Of  the  total  power  developed  in  the  Androscoggin  basin,  over  three-quarters, 
or  185,619  horsepower,  is  in  Maine,  with  179,023  horsepower  on  the  main  river 
and  6596  horsepower  on  the  tributaries.   In  the  New  Hampshire  portion  of  the 
basin  60,850  horsepower  is  developed,  all  on  the  twelve-mile  stretch  of  the 
main  river  between  Berlin  and  Shelburne,   The  total  heads  utilized  on  the 
main  river  in  the  two  states  are:   New  Hampshire,  291  feet;  Maine,  484  feet. 
Three  hundred  thirty-three  feet  of  head  are  developed  on  the  tributaries. 

Between  1910  nnd  1928,  the  installed  capacity  was  increased  from  123,455  to 
242,831  horsepower,  an  average  annual  increase  of  6632  horsepower;  since  1928 
net  increase  has  amounted  to  only  3633  horsepower.   This  reduced  rate  of 
growth  has  been  due  in  general  to  tiie  economic  depression,  and  in  particular 
to  the  withdrawal  of  the  textile  industry  from  this  area.  The  installation, 
in  1932,  of  a  68,000  horsepower  plant  on  the  Kennebec  River  at  Bingham  has  un- 
doubtedly contributed  to  the  falling-off  of  power  development  on  the  Andros- 
coggin. 

According  to  unpublished  data  in  the  Augusta  office  of  the  U.g.G.S.  the  exist- 
ing plants  with  wheel  capacities  of  over  1000  horsepower  are  as  follows; 


River 

In  Maine 

Androscoggin  River 
Androscoggin  River 
Androsco5::^.in  River 
Androscoggin  River 
Androscoggin  River 
Androscoggin  River 
Androscoggin  River 
■Androscoggin  River 
Androscoggin  River 
Androscoggin  River 
Androscoggin  River 
Androscoggin  River 
Androscoggin  River 
Ajidroscoggin  River 
Androscoggin  River 

Little  Androscoggin  I 


Location  or  Plant 


Wheel  Capacity  -  H.P. 


:iver 


Brunswick 

1932 

Brunswick 

4200 

Brunswick 

6000 

above  Brunswick 

3084 

Lisbon  Falls 

1489 

Le^iston 

23,666 

Deer  Rips 

16,150 

Gulf  Island 

27,000 

Liverniore  Falls 

10.800 

Chisholm 

9426 

Jay 

3500 

Riley 

6963 

Rumford 

4669 

Rumford 

14,744 

Rumford  Falls 

39,000 

Mechanic  Falls 

1907 

In  New  Hampshire 

Androscoggin  River 

Androscoggin  River 

-\ndroscoggin  River 

Androscoggin  River 

Androscoggin  River 

Androscoggin  River 

Androscoggin  River 

Androscoggin  River 

Androscoggin  River 

Androscoggin  River 


Shelburne  3000 

Shelburne  4900 

Gorham  2700 

Gorham           .  6000 

Cascade  Mill(Berlin)  10,300 

Cross  Plant  (Berlin)  4750 

Glen  Mill  No.5(Perlin)  4000 

Glen  Mill  B  (Berlin)  4600 

Glen  Mill  C  (Berlin)  5100 

^averside  (Berlin)  15,000 


These  26  installations  have  a  total  of  240,380  horsepower,  of  which  179,530  is 
in  Maine  and  60,850  in  New  Hampshire.  The  remaining  6089  horsepower  is  devel- 
oped at  plants  with  installed  capacities  ranging  from  120  to  900  horsepower. 
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The  largest  development  on  the  Androscoggin  in  that  of  the  Oxford  Paper  Com- 
pany at  Rumford  Falls,  where  39,000  horsepower  is  developed  under  a  head  of 
92  feet;  the  second  largest  is  the  Central  Maine  Power  Company's  Gulf  Island 
plant,  above  Lewiston,  which  has  a  wheel  installation  of  27.000  horsepower 
utilizing  a  head  of  50  feet. 

The  best  power  sites  on  the  main  stream  have  already  been  developed,  but  in- 
vestigations have  revealed  possibilities  for  developing  10U,577  additional 
horsepower  on  the  main  river  and  its  tributaries.  Of  this  amount  9U,760  would 
be  on  the  main  river,  with  62,870  in  Maine  and  31,890  in  New  Hampshire.   The 
sixteen  undeveloped  sites  on  the  main  river  which  are  most  promising  are 
listed  below: 

Undeveloped  horse- 


Drainage  Area 

Head 

power  for  flow 

Location                Sq.  Mi. 

Feet 
11+ 

60fo  of  time 

Donovan  Rips             329O 

k^-(0 

Ran  Island  Rips           2640 

20 

5920 

East  Peru                23 50 

20 

5320 

Dixfield                2210 

17 

U28O 

Rumford  to  Bear  River      ISUO 

16 

3^70 

Bethel  Rips               I7OO 

20 

Uoco 

Pleasant  River  to  Giltad   I67O 

25 

1+930 

Gilead                   I6U0 

2U 

U660 

(Maine — New  Hampshire  line) 


Shelburne 

1550 

15 

2790 

Peabody  Rips 

If^lO 

20 

3620 

Puis  if er  Rips 

lUoo 

35 

5880 

Below  Pontoocook  Dam 

1250 

55 

8250 

Above  Pontoocook  Dam 

12^0 

15 

22UO 

Mollidgewock  Rips 

1220 

20 

2920 

Errol  Dam  and  Rips 

1100 

25 

3300 

(New  Hampshire- 

-Maine 

line) 

Urabagog  Lake  to  Pond- 
in-river 


520 


150 


Total 

In  view  of  the  static  market  for  power  in  this  basin  during  the  last  few  years 
it  is  doubtful  if  new  privileges  will  be  developed  in  the  immediate  future.  ;. 
additional  power  is  needed,  there  is  greater  likelihood  of  the  redevelopment 
and  improvement  of  existing  plants. 

The  storage  on  the  Androscoggin  River  is  highly  developed  and  is  operated  with 
little  waste.   The  draiiKigo  area  above  the  daia  at  Errol,  aaounting  to  IO95 
square  miles,  is  well  controlled  by  storage  reservoirs  v/hose  normal  capacity  i 
678,500  acre-feet  and  which  can  be  increased  to  759, CCO  acre-feet.  Additional 
storage  of  103,500  acre-feet  is  obtainable  in  this  area,  and  if  added  would 
raise  the  total  of  storage  above  Errol  to  SbO.OOO  acre-feet. 
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Between  Errol  and  Rumford  very  little  storage  is  added,  the  total  above  Rum- 
ford  being  62S,COO  acre-feet,  only  about  10,000  acre-feet  more  than  that  above 
Errol.   Between  Rumford  and  Brunswick,  the  increase  in  storage  is  S7,000  acre- 
feet,  making  the  storage  capacity  above  Brunswick  11^,000   acre-feet. 

The  best  site  for  new  storage  is  below  the  confluence  of  the  Swift  Diamond  and 
Dead  Diamond  Rivers.   A  reservoir  here  would  impound  about  90,CC0  acre-feet 
of  water. 

The  U.  S.  Army  Engineers,  in  connection  with  their  flood  control  investigations 
on  the  Androscoggin  River,,  carried  out  during  1936.  found  that  a  combined  devel- 
opment for  power  and  flood  control  at  Rumford  would  be  practicable.   The  flood 
control  storage  at  this  reservoir  would  be  23^,000   acre-feet,  and  power  storage 
would  be  297,000  acre-feet;  with  a  head  of  33  feet,  an  installation  of  about 
15,000  horsepower  could  be  made.  A  reservoir  at  this  site  would  furnish 
storage  for  installations  below  the  site  now  developing  a  total  head  of  USU 
feet.  An  additional  7I  feet  of  undeveloped  head  below  the  site  would  be 
benefitted  by  this  storage. 

The  other  sites  investigated  by  the  Army  Engineers,  in  addition  to  that  at 
Rumford,  were  at  Dixfield,  Buckfield  and  Oxford,  v.-here  it  was  found  that  there 
could  be  developed  reservoirs  of  41,300  acre-feet,  6l,000  acre-feet  and  92,000 
acre-feet  capacity  respectively. 

Navigation     There  is  no  water-borne  commerce  on  the  river,  not  even  to 
Brunswick,  at  the  head  of  tidewater,  about  3  miles  upstream  from  Merrymeeting 
Bay.   Thus  far  there  has  not  been  enough'  demsuid  to  justify  the  expense  of 
providing  navigation  facilities. 

Erosion     Erosion  occurs  on  many  small  areas  throughout  the  basin,  frequently 
on  good  farm  lands.   As  in  the  Kennebec  basin,  the  attendant  problems  are  not 
serious,  since  only  two  areas  exhibit  moderate  or  severe  conditions. 

Drainage     The  characteristically  sharp  slope  of  the  basin  above  the  estuary 
reduces  swamp  areas  to  land  pockets  or  lake,  pond  and  stream  shores.  All  the 
swamps  and  marshes  shelter  wildlife,  but  only  in  small,  scattered  localities 
does  the  local  mosquito  nuisance  justify  artificial  drainage. 

Recreation     To  preserve  the  social  and  economic  values  of  recreation,  partic- 
ular care  must  be  given  to  such  natural  factors  and  assets  as  fish  and  game 
population,  attractive  bathing  and  boating,  and  general  scenic  values.   Pol- 
lution abatement  along  the  main  river  would  increase  recreational  use  of  the 
river  banks  and  would  make  possible  the  ret-urn  of  desirable  fish  species. 
Nevertheless,  the  cost  involved  in  such  abatement  might  exceed  the  financial 
assets. 

Too  often  recognition  of  the  close  relationship  between  all  water  resources  and 
recreation  is  slight.  Before  being  undertaken,  all  water  resources  improve- 
ment projects  should  be  reviewed  by  authorities  qualified  to  anticipate  the 
reaction  of  each  improvenent  upon  recreation  and  wildlife  assets. 
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PRE  SUMP  SCOT  BASIN 


GSMEIUL  liB  SCRIP TION 

The  Presumpscot  River  flows  from  Sebago  Lake   so-atheast  a  distance  of 
17  miles  to   Casco  Bay,    Just  north  of  Portland.      The  basin  is  aoout  55 
miles  long  and  has  a  maxirau.ii  width  of  20  miles.     Its  drainage  area  is 
615   square  miles,    U36   sciuare  miles  of  which  are  above   the   outlet  of 
Sebago  Lake.     Above  Sebago  Lake   the  main  strefjn,    called  Crooked  P.iver, 
drains  an  area  of  somewhat  less  than  200   square  miles  in  a  distance  of 
nearly  U5  miles.      The  v.'a,ter  area  in  the  basin  is  81  square  miles  or  13.1^ 
of  the   total  area,    the  largest  percentage  of  water  area  in  any  Maine 
basin.      Sebago  Lake  accounts  for  U5  square  miles  of  this  water  surface. 

The  Presumpscot  Basin  is  rolling  except  in  the   southern  portion,    iivhich    . 
is  comparatively  level;    the   total  fall  below  Sebago  Lake   is  less  than 
270  feet.      The  rock  formation  is  mostly  granite  having  a  soil  cover  of 
glacial  sand  and  gravel.     About  20^  of  the  dr^^inage  area  is  cleared  farm 
land,    two-thirds  of  which  was  harvested  in  193^.     Ti^e   remainder  of   the 
area,   except  for  scattered  settlements,    is  woodland,   most  of  which  has 
been  cut  over  and  is  re-seeding  to  mixed  hardwoods  and  conifers. 

The  average  precipitation  in  the  basin  is  about  U2  inches  annually, 
fairly  evenly  distributed  throughout  the  year,    and  varying  only  slightly 
in  the  different  parts  of  the  basin.     Average   summer  temperature  is 
about  66°  and  average  winter  temperature  varies  from  20°   to  2U°,    being 
milder  near  the  ocean. 

There  are  no  important   tributaries  to   the  Presumpscot  River  other  than 
the  Crooked  River  mentioned  above. 

Discharge  is  recorded  at  a  gaging  station  at  the  outlet  of  Sebago  Lake. 
The  records  for  this  station  are   summarized  in  Table   III-A. 

The  hydrograph  on  Chart  U  shows  the  aver?ige  monthly  runoff  during  the 
past  15  years  at  Sebago  L^ice  outlet.      The   average  ro-q:ulated  runoff  from 
the  drainage  area  of  U36   square  miles  above   this  st,-ition  is  I.U7  cubic 
feet  per  second  per  square  mile. 


mmj^  OCCUPANCY 

Population  The  population  of  this  basin  in  1S30  was  slightly  over 

2^,000,    exclusive  of  a  small   section  of  Portland  which   is   drained  by 
the  Presumpscot  River,    but   which  it   is  more   logical   to    tre?t  when 
Portland  is  discussed  as  a  whole  in  the  Maine-1-Tew  Hampshire  Coastal 
Basin  chapter.      Hie  ponulation  was  practically  stationary  from  I92O  to 
193'3.     Because   there  are  extensive  woodlands  in  the  north,    that  portion 
is  thinly  inhabited;  hence  the  average  density  of  population  in  the 
basin  is  only  UO  per  square  mile. 
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Only  three  towns  have  more  than  25OC  inhabitants  -  Westbrook,  10,S07, 
Ck)rham,  3035i  Bridgton,  2659;  small  portions  of  these  communities  lie 
in  adjacent  basins.  About  a  third  of  the  population  is  in  small  vil- 
lages or  on  farms,   mostly  in  the  lower  part  of  the  basin. 

The  net  growth  in  population  between  192O  and  I93O  practically  paralleled 
that  of  the  adjacent  city  of  Portland,    which  had  an  increase  of  only 
about  255.     Westbrook,   however,    increased  lU^,    due  apparently  to  its 
activity  in  manufacturing,     past  trends  indicate   that  future  growth  will 
be   slow  ajid  will  occur  in  the  lower  part  of  the  basin. 

Agriculture  Parm  land  comprises  about   two-fifths  of  the  area  and  of 

this  about  one-fourth  is  wooded.      Farm  land  value  in  Cumberland  county 
is  considerably  higher  than  the  average   for  the   state.     Proximity  to 
Portland  and  readj'  access  to  population  points  outside  of   the    state,    in 
addition  to  the  market  created  by  the    summer  population,    contribute   to 
the  value  of  farming  interests.      The  value  of  farm  products  in  193*^  was 
about  $5,000,000,   of  which  the  greater  part  was  derived  from  dairy  and 
poultry  products.     Because   the   land  is  fertile  and  the  market  conditions 
favorable,    agricultural  activity  may  be  expected  to   increase  in  the 
Presumpscot  basin. 

Industry  Pulp  and  paper  manufacturing  is  the  most  important  industry, 

but   there  are  also   several   small  textile,    lumber  and  miscellaneous  manu- 
facturing plaJtits  in  the   lower  part  of   the   basin.      These   were   originally 
■attracted  by  the   water  power  produced  on  the  main  river.      The  value  of 
paper  and  other  products  manufactured  at  Westbrook  and  other  points  in 
1933  was  about   $7,500,000. 

Industrial  activity  in  this  region  is  dependent  largely  upon  the  paper 
mills,    as   they  employ  over  half  of   the   industrial  workers.      Since   the 
power   sites  of   the   river  are   almost   fully  developed,    and   since   indus- 
tries were  originally  attracted  to   the   region  by  the  water  resources  for 
power  and  processing,    it   is  probable   that  future   developments  will  come 
in  the  field  of   small  establishments  for  which  there   is  an  ample   supply 
of  purchasable  power. 

Mining  The  only  granite   quarry  is  in  Westbrook,    and  there  are  no 

other  commercial  mining  operations. 

Lumbering  Much  white  pine  has  been  cut  in  the  past;   but   since   the 

mature  grov/th  of  this  species  has  been  depleted,    the  principal   timber 
resource   is  hardwood  which   supplies   several  wood-working  establishments. 
Paper  mills  located  in  the   region  secure   their  supply  of  pulpwood  from 
outside  points. 

As  there  is  practically  no  pulpwood  in  the  basin,    which  is   so  plentiful 
in  many  Maine  watersheds, lumbering  will  probably  be  confined  to   the 
cutting  of  hardwoods  for  wood-using  industries  already  established. 
It  is  probable   also   that   the  present  immature   growth  of  white  pine  will 
constitute  an  important   supply  of  merchantable   timber. 

Recreation  Land  used  for  recreation  constitutes  a  larger  proportion 

of  the  Presumpscot  watershed  than  is  the   case   in  any  other  Maine  basin. 
While   the  main  stream  does  not  now  serve   intensive   recreational  purposes. 
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it  could  if  freed  of  excesaive  pollution.      Tne   tributary  lakes,   ponds 
and   streams   all   serre   recreation  and  wildlife   to   some   extent.      At 
practically  all  of  the   lakes,    the  most  popular  of  which  is  Sebago,    fav- 
orable  transportation  facilities  have   induced  a  development  of   summer 
colonies  which  represents  a  sizeable   financial  investment. 

The  h^eadwaters  of  the  Presumpscot   system  drain  a  mountainous  section 
where  wildlife  abounds  and  the  waters  throughout  the  basin  tributary 
to   the  main  stream  shelter  many  species  of  fish.      Deer  pjid   small  game 
are  numerous,    while  landlocked  salmon,   brook  trout,    bass  and  waterfowl 
are   also  plentiful.      The  prevalence   of   such  g.?rae   in  this   scenic  and 
accensible   region  has  {gained  for   the  basin  recognition  as  one   of  the 
most  favored  recreational  districts  in  the   state. 

Transportation  There   is  no    commercial   water   tr.ansportation  on  the 

Presumpscot  River,    nor  has  the   Federal  Government   ever  made   nJiy  improve- 
ments for  navigation.      Tidewater  extends   to  prestirapscot  ?alls,    about   two 
and  nne-half  miles  frora   the  mouth  of   the   river,     A  portion  of  this 
section  contains  p  natural    six  foot   channel. 

The  highways  of   this  basin  are   nrcimerous  and  are   in  general   adequate   for 
the   needs  of  present   traffic.      Eventually  a  by-pass  in   the   for:n  of  a 
coastal  highway  around  Portland  vd'll  probably  be  needed. 

The   lower  T)ortion  o-f  the   basin   is   served  'oj  the  Boston  and  Maine  Rail- 
road centering  in  Portland.     A  Maine  Central  line   luns   the   length  of 
the  basin  from  Portland  to  North  Conway,    ITew  Ha'np shire.     Except   in 
the  upper  hilly  region  there   are   sufficient   railv/ay  connections. 

There   are  at  present  no   landing  fields   in  this  basin,    but    sea-plane 
facilities  are   available    on  Sebaeo  Lake. 


WATER  USE  AI'TD  CONTROL 

Pollution  The  acute  pollution  problems  of   the  Presumpscot   watershed 

originate   on   the  main  river,    below   the   outlet   of   Sebago  Lake,      This 
lake,    the   source  of  the  largest  public  water  supply  system  in  Maine, 
provides  water  of  exceptional   quality.      The   area  tributary  to    the  Lalce, 
including  the   Sebago-Kaples-Long  Lai^e  region,    offers  unusual  recrea- 
tional attractions  v/hich  have  accounted  for   the  establishment  of  about 
30  boys'   and  girls*    summer  camps.      Sanitary  conditions  here  undergo 
constant  inspection,    and  at  present   the   generally   satisfactory  condition 
is  attested  by  the  purity  of   Sebago  Lake   '.vater. 

The   only  significant    source   of  domestic  pollution  is  at  Westbrook,    where 
a  system   serving  about   6OOO  people   discharges  untreated   sewage   into   the 
Pre  sijunp  scot. 

Tlrie   industries  in  this -basin  employ  ap^iroximately  3»200  of  which  number 
three  pulp  and  paper  plants   account   for  ISOO,   and  textile  mills  for  66c. 
The  wastes  from   these  -olonts  as  well  as  uncollected  .domestic  sewage  from 
many  of   the    it:  ill    villages  are   continuously  entering   t?'.e    stream  without 
treatment.      Because    the    stream   flow  is  comparatively   small,    due 
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partly  to   the  diversion  of  water  from   Sebago  Lalce   for  Portland's  water 
supply,    f  p   discharfe   of  'wastes  ^1.  ces   .--  heavy  burden  on   the   river, 

Undouhtcdly  the  cont.-aminated  condition  of  the  Presumpscot  retards  the 
local  recreational  use  of  the  stream,  and  pollution,  augmented  by  in- 
adequate fishways,  accounts  for  the  absence  of  desirable  fish  species. 
The  health  hazard  involved  is  reduced,  however,  since  the  only  dense 
settlement  on  the  seriously  polluted  part  of  the  river  is  the  city  of 
Westbrook, 

Although  municipalities   and   industries  are   aware  of   the  existing  un- 
sanitary conditions,    the   expense   of  installing  treatment  plants  has 
delayed  action,    although  there  exists  a  polluted  condition  which  ap- 
proaches or  exceeds  the   intensity  of   that  on  the  Androscoggin  River. 

A  sanitary   survey  of  the  Presumpscot  would   supply  necessary  technical 
data  for  future   improvement  of  present   conditions.      The    survey  should 
cover  all  factors  that  may  influence  recreation,    wildlife,    industry, 
or  public  health. 

Wster  Supply  The   surface   and  ground   v/ater   supply   throughout   the 

basin  is  adequate,    and  all   concentrated  communities  of  over  lOCO 
persons  draw  upon  public   supplies.      All  but   five   of   the    supply   systems 
in  the   watershed  are   linked  to   the  Portland  Water  District   System, 
which   serves  nearly  all   of   the  basin   south  of  Seba^go  Lake   as  well   as 
several  nearby  municipalities  on  the   coast.      The  Portland  ',7ater   system 
secures  exceptionally  desirable  water  from   Sebago,    its   sole    source. 
This   system  regularly  serves  municipalities  with  a  resident  population, 
in  1930,    of  over  100,000  —   onL3-eighth  of  the  entire  population  of  Maine  - 
and  during  the  va.cation   season  it    serves  many   summer  colonies  in  addition. 

The  primary  water  supply  problem  of  the  presumpscot  is  the  protection 
of  the  Sebago  Lake  source  without  imposing  unnecessaiT  limitations  on 
recreational  growth. 

Flood  Control  The   large  amount  of  storage  on  this  river  reduces  flood 

peaJcs   to   a  minimum.      There  has  been  little   or  no   dpjnage   in   the  valley 
except  on  the   tributaries,    and  such  damage  as  has  occurred  has  been  in- 
significant.     No   opportionity  exists  for  any  material   increase   in   storage 
except  by  raising  the   levels   of  lakes  and  ponds   and   this  'ffould  result   in 
high  flowage   damages.      It  may  therefore   be   concluded   that   additional 
measures  of  flood  control  on  this  basin  are   not   econoraicall.y  justified. 

Power  The  Presumpscot  River  is  a  natural  power  stream  due   to    the 

large  amount   of   storage   in  the   Sebago  Lake    system  and   the    steep  fall 
of   the   river,    about  266   feet   in  22  miles,    or  12.1   feet  per  mile.      The 
river  is  completely  developed  between   Sehago  Lake   and   tidewater,    with 
9  installations  totalling  21,965  horsepower  and  a  total  head  of  2U9.5 
feet. 

The  only  pl.ants  with  installations  of  1000  horsepower  or  over  are   on 
the  main  river  below  Sebago  Lake.      They  are,    beginning  near   the 


mouth  and  going  upstream: 

Location  of  Plant  Wheel  Capacity,  H.  P. 

Smelt  Hill  lOCO 

Cumberland  Mills  20U0 

Saccarappa  2U45 

Mallison  Falls  1^30 

Little  Falls  2100 

Gambo  Falls  203O 

Dundee  Palls  5OOO 

Great  Falls  2920 

Eel  Weir  3OOO 

The  remaining  developments,  with  capacities  ranging  from  100  to  52O  horsepow<=r 
are  on  Crooked  River,  Stevens  Brook  and  the  Piscataqua  River.  The  total  in-''  ' 
stallation  at  these  plants  is  I232  horsepower. 

The  grand  total  of  the  main  river  and  tributary  installations  amounts  to 

23,197  horsepower.   Most  of  this  power  is  used  for  lumber  manufactures,  only    I 

USyO  horsepower  being  utilized  by  hydro-electric  plants.. 

As  noted  above,  an  outstanding  feature. of  this  river  is  its  storage.   The  I9IS 
report  of  the  Maine  Water  Storage  Commission  lists  69  lakes  and  ponds  in  the 
watershed,  with  a  combined  water  surface  of  81  square  miles,  or  13.1^  of  the 
basin  area.   Ninety  percent  of  the  water  surface  is  provided  by  the  Sebago  Lake 
system..  The  total  volume  of  storage,  321,000  acre-feet,  is  utilized  by  the 
nine  plants  on  the  river. 

The  development  of  power  on  the  river  has  been  carried  to  the  economic  limit  and 
no  further  opportunities  for  development  exist.   The  remodelling  of  existing 
plants  might  increase  the  power  output  of  the  river,  but  sucn  increase  would 
be  comparatively  small. 

Navigation     Tide-water  extends  to  Presumpscot  Falls,  about  two  and  one-half 
miles  from  the  mouth  of  the  river.  A  natural  si::-foot  ch.annel  exists  in  a 
portion  of  the  tide-water  section.   This  tide-water  section  is  now  being  in- 
vestigated to  determine  if  improvement  of  the  channel  is  warra,nted. 

Erosion  Slight  sheet  erosion  with  occasional  gulliqs  occurs  in  several  parts 
of  the  watershed,  but  moderate  sheet  erosion  is  confined  to  one  small  area  north 
of  Wastbrook. 

Drainage  As  in  the  Androscoggin  Sasin,  swamp  areas  are  confined  here  to  land 
pockets  or  lakes,  pond  and  stream  shores.  No  drainage  of  these  sections  is  nec- 
essary except  in  a  few  places  where  the  mosquito  nuisance  is  obnoxious. 

Recreation     The  southern  section  of  the  basin  mi-ht  serve  local  recreation  to 
a  greater  degree  than  it  now  does,  but  to  achieve  this  near  the  cities  of  West- 
brook  and  Portland,  where  it  is  most  needed,  would  entail  not  only  elimination 
of  pollution,  but  also  restriction  of  industrial  use  of  the  river.   Throughout 
the  area  there  is  urgent  need  of  preserving 'the  balance  betvveen  sanitation  re- 
quirements and  those  of  recreation  and  wildlife. 
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SAGO  BASIN 


GEIJEEAL  DESCRIPTION 

The  Saco  "basin  has  a  drainage  area  of  1730  square  miles,  of  which  830  square 
miles  are  in  Maine  and  900  in  New  Hampshire.   The  basin  is  about  70  miles  long 
and,  at  maximum,  45  miles  wide.   The  river  rises  in  the  White  Mountains  and 
flows  southeast  for- a  distance  of  30  miles  to  the  New  Hampshire-Maine  boundary 
line  and  thence  continues  southeast  for  30  miles  to  the  head  of  tidewater  at 
Siddeford,  five  miles  above  its  mouth. 

The  headwaters  region  is  high  and  rugged,  with  very  steep  valley  and  river 
slopes.   The  topography  is  rolling  in  the  mid-portion  of  the  basin,  and  fairly 
level  near  the  coast.   The  river  falls  rapidly  in  the' New  Hampshire  part  of 
its  course,  then  falls  only  173  feet  in  the  first  62.  miles  below  the  state 
line,  and  finally  drops  221  feet  in  the  19  miles  between  Bonny"  Eagle  Dam  and 
tidewater. 

The  general  rock  formation  is  granite,  with  some  limestone  and  schist;  the  soil 
cover  is  glacial  sand  and  gravel.   Much  of  the  area  is  foresterls  nrimarily  with 
conifers,  but  in  the  lower  portions  of  the  basin,  large  areas  have  been  cut 
over  and  are  re-seeding  to  hardwoods.  About  lOl  of  the  basin,  mostly  in  the 
level  river  valleys  and  the  lowlands  near  the  coast,  is  in  crop  or  pasture  land. 

The  average  annual  rainfall  ranges  from  36  inches  near  the  coast  to  46  inches 
in  the  interior  and  reaches  as  high  as'  32  inches  at  the  sumrnit  of,  Mt^  Washing- 
ton.  The  rainfall  is  faii-ly  reil  dis-ufibiited  throughout  the  year,  although  it 
is  slightly  greater  in  s'amirier  than  in  i:he  other  seasons.   The  summer  temperature 
average?  about  66°  except  in  the  mountains,  where  it  is  somewhat  lower.  Average 
winter  temperatures  vary  from  15°  to  25°,  depending  on  altitude  and  latitude. 

Ossipee  River,  the  principal  tributary,  flows  out  of  OsBipee  Lake,  which  is  fed 
by  streams  rising  in  the  Sandwich  and  Ossipee  Mountains.   Its  length,  between 
Ossipee  Lake  and  its  jiinction  with  the  Saco  River  at  Cornish,  Maine,  is  about 
20  miles.   Ossipee  Lake,  the  largest  body  of  water  in  the  Saco  basin,  has  a 
water  area  of  6.1  square  miles  and  controls  327  of  the  455  square  miles  in  the 
Ossipee  River  basin. 

Records  of  stream  flow  at  Center  Conway,  Cornish,  and  West  Buxton  gaging  sta- 
tions are  kept  by  the  TT.  S.  Geological  Survey  in  cooperation  with  the  states 
of  Maine  and  Few  Hampshire.   These'  records  are  publir,hed  in  the  U.  S.  Oeclogi- 
cal  S'lrvey   Water  S^ipply  Papers,  Part  I  -  North  Atlantic  Slope  Basins.   The 
figures  in  Table  IIl-A  are  summarized  from  unpubliphed  records  of  the  U.  S. 
Geological  S".rvt^y  as  well  as  from,  the  Survey's  published  Papers. 

The  hydrograph-  on  Chart  4  shows  the  average  monthly  runoff  during  the  past  15 
years  at  West  Buxton  on  the  Saco  River.   The  average  runoff  from  the  drainage 
area  of  1572  square  miles  at  this  station  is  1.88  cubic  feet  per  second  per 
square  mile. 
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HUMAN  OCCUPANCY 

PopTilation     In  1930  the  Saco  tasin  had  a  populd^tion  of  48,500,  about  3^ 
less  than  that  in  1920.   Foiir-fifths  of  the  inhatitants  are  in  Maine.   The 
average  population  density  of  the  basin  is  about  29  per  square  mile;  of  the 
Maine  portion,  45  per  square  irile;  of  the  New  Hampshire  portion,  10  per 
square  mile  , 

Only  three  to^rns  in  the  watershed  have  over  2500  population:   Biddeford 
(pop.  17,633),  Saco  (oop.  7,233),  and  Conway  (pop.  3,217).   The  first  two  of 
these  towns,  at  the  outlet  of  the  Saco  River  on  the  Maine  coast,  account  for 
half  of  the  entire  population  of  the  basin.  Of  the  remaining  towns,  one, 
Buxton,  has  over  1500;  four  have  between  1000  and  1500  inhabitants:  and  the 
others  are  small  villages. 

Population  in  the  1920-1930  dpcade  decreased  about  3^  as  contrasted  to  the  4^ 
gain  for  the  state  of  Maine.   The  small  decrease  at  Biddeford  was  off set  by  an 
equal  gain  at  Saco.   Gains  and  losses  of  all  communities  are  indicated  on 
Map  7.   The  future  trend  :'?ill  probably  depend  upon  the  success  of  manufactur- 
ing interests. 

Agriculture     About  one-third  of  the  area  is  in  -farm  land,  and  of  this  a  large 
portion  is  woodland.   The  soil  fertility  is  not  hi^'h,  as  is  inrUcated  by  an 
acreage  value  slightly  under  the  average  for  the  state  of  Maine.   The  value  of 
agricultural  prorlucts,  about  one-half  of  which  was  derived  from  dairy  and 
poultry  operations,  was  in  1930  about $3,000,000.   Woodlots  contributed  a  small 
part  of  farm  revenue.   There  is  no  indication  of  marlred  changes  in  agricult- 
ural conditions  except  possibly  a  continuing  trend  toward  specialized  activ- 
ities, such  as  poultry  raising. 

Industry     Piddeford  and  Saco,  the  industrial  centers  of  the  region,  produce 
cotton  textiles,  textile  machinery  an.d  shoes.   Cotton  manufacturing  gives  em.- 
ployment  to  two-thirds  of  the  workers.   The  value  of  products  manufactured  at 
Biddeford  in  1933  was  about  $14,000,000. 

Labor  troubles  in  Biddeford  have  at  timer,  caused  apprehension  concerning  the 
continuance  of  some  of  the  industries.  If  satisfactory  industrial  relations 
obtain  in  the  future,  m,oderate  growth  in  manu.facturing  will  result. 

Mining     The  only  miniif^,  operations  in  thir.  basin  have  been  the  quarrying 
of  small  amounts  of  granite  in  the  vicinities  of  Mollis  and  Fryeburg. 

Lumbering     Unlike  most  of  th<=  Maine  river  basins,  the  Saco  produces  no 
pulpwccd.   This  is  s.ccounted  for  by  the  fact  that  it  lies  in  the  white  pine 
rather  than  the  spruce  belt.   The  amo^mt  of  lumbering  carried  on  is  at  pres- 
ent comparatively  small  because  of  the  immature  growth  of  the  pine  stands.   In 
the  lumber  industry  the  trend  appears  to  be  towe.rd  the  development  of  exist- 
ing young  forests  which  will  in  tim.e  produce  merchantable  pine.   The  nearness 
of  the  region  to  wood-usirg  m.arkets  is  a  factor  favorable  to  the  production 
of  lumber. 


Recreation     The  territory  at  headwaters  and  at  the  mouth  of  the  river  are 
the  only  sections  of  the  basin  which  have  teen  intensively  developed  for  rec- 
reational use.   The  New  Hairpshire  tributaries  drain -nrecipitous  White  Mountain 
slopes,  while  in  Maine  the  tributary  scenic  lakes  lie  in  hilly  terrain.   These 
characteristics  make  the  region  ideal  for  siimmer  homes  and  children's  camps. 
At  the  mouth, of  the  river,  the  summer  population  has  occupied  nearly  all  the 
ocean  front. 

In  the  central  part  of  the  watershed,  except  for  scattered  lakes  and  two  major 
canoe  routes,  the  principal  recreation  value  depends  upon  wildlife.   Nearly 
all  types  of  native  wildlife  except  moose  and  bear  are  to  be  found  in  large 
numbers;  a  fishway  at  Biddeford  facilitates  fish  migration  into  the  valley 
streams. 

Transportation     Although  the  Saco  Biver  ?ias  an  3-foot  channel  at  mean  low 
water  to  Saco  and  Biddeford,  about  five  miles  from  the  ocean,  commercial  trans- 
portation is  hampered  by  the  fact  that  the  railroad  line  through  these  cities 
does  not  connect  with  the  wharves. 

The  basin  is  provided  with  a  system  of  main  and  secondary  roads  which  meets 
most  traffic  requirements.   However,  improvement  of  the  main  arteries  across 
the  southern  end  of  the  basin  and  those  into  the  upland  recreation  area  is 
needed. 

The  lower  end  of  the  basin  is  crossed  at  Biddeford  and  Saco  by  the  main  line  of 
the  Boston  and  Maine  Railroad  from  Boston  to  Portland.   Additional  service  is 
provided  by  the  mountain  division  of  the  Maine  Central  from  Portland  to  St. 
Johnsbury,  Vermont,  and  by  the  Conway  branch  of  the  Boston  and  Maine  from 
Portsmouth. 

Existing  landing  fields  are  located  at  Biddeford,  West  Baldwin,  Freedom  and 
North  Conway.   Daring  the  summer  of  1936  there  was  regiilar  v;eek-end  air  ser- 
vice between  North  Conway  and  New  York,  but  to  date  there  has  been  no  other 
scheduled  air  service  to  points  in  the  Saco  basin. 

WATER  T^SE  ANI)  CONTROL 

Pollution     The  major  part  of  the  pollution  of  the  Saco  River  is  caused  by 
the  domestic  sewage  and  industrial  waste  discharge  from  the  twin  cities  of 
Saco  and  Biddeford,  which  have  a  combined  riopulation  of  24,800,  73^  of  the 
population  in  the  Maine  section  of  the  basin.   In  these  cities  textileplants  em- 
ploying 3700  persons,  and  boot  and  shoe  plants  employing  80^^  are  the  chief 
sources  of  the  river's  industrial  pollution.   The  detrimental  effect  of  this 
contamination  is  felt  not  only  in  the  immediate  vicinity  of  the  two  cities 
but  also,  more  acutely,  at  summer  resorts  along  the  shore,  particularly  Bid- 
deford Pool,  Old  Orchard  Beach  and  Prout ' s  Neck. 

Above  Saco  and  Biddeford  pollution  problems  are  minor,  and  of  local  signifi- 
cance.  Both  domestic  and  industrial  wastes  discharged  into  the  river  from 
New  Hampshire  sources  are  small  and  probably  negligible. 
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Water  Supply     Surface  and  ground  water  supplies  are  normally  abxindant  through- 
out the  drainage  area.   The  nine  Maine  towns  in  the  basin  which  are  served  ty 
public  systems'  include  all  the  communities  of  over  200  houses.   The  sources  of 
supply  are  evenly  divided  between  springs,  wells  and  streams.   The  largest 
towns,  Biddeford  and  Saco,  are  served  by  water  taken  from  the  lower  reaches  of 
the  Saco  River  and  treated  by  coagulation,  filtration  and  chlorination.  Ex- 
tension of  established  systems,  or  construction  of  new  ones,  will  eventually 
be  required  to  meet  the  needs  of  growing  summer  colonies.   Future  surface 
supplies  in  the  Maine  area  may  require  filtration,  because  most  of  the  avail- 
able watershed  areas  are  developed  for  agricultural  and  residential  use  to 
such  an  extent  that  the  water  supplies  may  be  contaminated. 

In  the  New  Hampshire  portion  there  are  several  public  surface  supplies,  none 
of  which  is  treated.  According  to  the  193d  Report  of  the  State  Board  of 
Health,  the  quality  of  the  water  from  the  supplies  serving  Bartlett  and 

Conway  is  so  \insatisfactory  as  to  make  installation  of  treatment  plants 

advisable. 

There  are  innumerable  sources  of  pure  water  supply  in  the  New  Hampshire 
section  of  the  basin. 

Flood  Control     In  the  past  60  years  therie  have  been  six  high  floods. 
The  last  four  have  occurred  in  the  period  during  which  records  have  been 
kept  by  the  U.  S.  Geological  Survey  at  West  Braxton,  Uaine.   Of  these  four, 
the  193^1  flood,  by  far  the  greatest,  amounted  to  58,200  cubic  feet  per 
second  peak  discharge  and  caused  damages, as  determined  by  the  U.  S.  Army 
Engineer,  of  $1,610,000,  divided  between  $1,192,000  for  direct  damages 
and  $UlS,000  for  indirect  damages.   The  principal  damage  was  the  destruction 
of  highway  bridges,  entailing  losses  amounting  to  over  $U00,0C0.   In-" 
dustrial,  commercial  and  public  utility  losses  amounted  to  another  $U00,000. 

The  1923  flood  was  the  second  largest  on  record,  the  maximum  discharge  being 
27,300  cubic  feet  per  second.   The  1927  flood  which  did  so  much  damage  on 
the  Vermont  rivers  does  not  fall  in  the  list  of  the  four  highest  in  the 
Saco  Basin.   The  I896  flood,  the  discharge  of  which  is  estimated  to  have 
been  Uo,000  c.f.s.  at  Biddeford,  was  greater  than  the  I923  flood  but  less 
than  the  193*^  flood;  the  resulting  damage  was  well  below  $500,000.   Spring 
floods  caused  by  heavy  rainfall  and  melting  snow  are  most  likely-  to  yield 
maximum  discharges. 

From  a  study  of  the  possibilities  of  flood  control  reservoirs  in  the  val- 
ley made  by  the  U.  S.  Army  Engineers  and  reported  in  House  Document  #659, 
71st  Congress,  3rd  Session,  the  Engineers  concluded  that  although  flood  ■ 
control  reservoirs  are  the  most  practicable  means  of  preventing  floods, 
the  possible  benefits  from  a  system  of  such  reservoirs  T»rould  be  out  of 
proportion  to  the  cost  of  building  and  maintaining  them. 

The  1936  investigations  by  the  Army  Engineers  disclosed  that  the  two 
best  reservoir  sites  were  above  Hiram  and  at  Ossipee  Lake,  as  noted  in 
the  following  section^ 
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Power     The  existing  devrlopments  on  the  Saco  River  have  a  total  installar- 
tion  of  39,291  horsepower,  of  which  37,046  horsepower  are  on  the  main  river 
and  2,245  on  the  tributaries.   Between  the  Maine-New  Hampshire  houndary  and 
tidewater  226  of  the  394  feet  of  head  available  on  the  main  stream  are  util- 
ized.  In  addition  to  the  existing  power,  there  are  25,430  potential  horse- 
power in  the  river  system,  divided  bet'^een  21,740  horsepower  on  the  main 
river  and  3690  on  the  tributaries. 

The  two  largest  installations  are  the  Bonny  Eagle  nlant  (wheel  capacity,  14,400 
horsepower)  and  the  West  Buxton  plant  (wheel  canacity,  11,160  horsepower). 
Both  of  these  plants  are  used  for  generating  electric  power.   Ninety-one  per 
cent  of  the  power,  or  35,896  horsepower,  is  developed  by  public  utilities; 
the  remainder  is  used  by  textiD.e  and  lumber  mills. 

The  present  developments  of  1000  horsepower  or  over,  all  of  7/hich  are  on  the 
main  river  in  Maine,  as  listed  by  the  TJ.  S.  Geological  Survey  as  of  January  1, 
1937,  are: 

Location  of  Plant  Wheel  Capacity,  H.P. 

Biddeford  1050 

Biddeford  1473 

Union  Falls  1000 

Bar  Mills  1788 

Bar  Mills  1275 

West  Brixton  11,160 

Bonny  Eagle  14,400 

Hiram  Falls  3750 

The  above-named  capacities  total  35,396  horsepovier.   The  remaining  3395 
horsepower  are  developed  by  11  plants  v/ith  wheel  capacities  ranging  from  100 
to  950  horsepower.   The  four  largest  of  these  11  are  hydro-electric  plants 
which,  together,  develop  2325  horsepower. 

As  the  best  sites  on  the  river  have  been  utilized,  and  as  there  is  but  a  small 
amount  of  storage  to  provide  for  low  water  regulation,  there  is  little  likeli- 
hood of  economical  development  of  additional  power.   The  best  opportunities 
for  obtaining  additional  power  lie  in  the  re-development  of  existing  plants, 
as  at  the  Biddeford-Saco  site,   where  the  Cumberland  County  Power  and  Light 
Company,  is  now  constructing  a  new  dam  and  hydro-electric  plant  which  will  de- 
velop an  average  operating  head  of  44  feet.   The  capacity  of  the  Kaplan  pro- 
peller type  water  wheel  which  is  to  be  installed  will  be  9000  horsepower. 

Four  other  sites  are  listed  by  the  Army  Engineers  in  House  Doc.  659,  71st  Con- 
gress, 3rd  Session  as  being  worthy  of  consideration  for  development  or  re- 
development: 

Location Kead-ft. Horsepower 

Re-development 

Great  Falls  75  5950 
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Losation ; Head-ft. Horsepower 

Hew  Developments ■ 

Union  Falls  70  10,000 

;Limington  Falls  21  2,100 

High  Rips  Ik  1,650 

It  may  be  feasible  to  redevelop  the  Great  Falls  site,  destroyed  by  fire  and 
flood  in  1936,  to  produce  2200  horsepower  under  a  head  of  I7  fe3t. 

Although  .there  are'  approximately  120  lakes  and  ponds  tributary  to  the  Saco 
system,  they  are  so  small  that  their  combined  water  surface  is  only  U3  square 
miles,  2.5^  of  the  basin  area.   Ossipee  Lake  is  the  largest,  with  6.1  square 
miles,  and  Kezar  Lake,  in  Maine,  the  nest  largest,  has  a  water  area  of  3.9 
square  miles.   The  total  storage  in ■ the  basin  is  about  85,000  acre-feet. 

According  to  Maine  Water  Storage  Commission  report  (I9I8),  about  '317,000 
acre-feet  of  additional  storage  can  be  obtained,  of  virhich  229.000  acre-feet 
would  be -in  a  reservoir  located  2  miles  above  the  town  of  Hiram. 

Investigations  have  recently  been  made  by  the  U.  S.  Army  Engineers  to  determine 
the  flood  storage  possibilities  in  the  river.   Two  sites  appeared  to  offer  the 
greatest  advantages:   the  one  above  Hiram  (referred  to  by  the  Engineers  as  the 
Fryeburg  reservoir)  and  another  at  Ossipee  Lake.   The  Fryeburg  site  afforded 
the  best  opportunity  for  combined  storage  for  pov;er  and  flood  control. 

The  Engineers  estimated  that  if  power  storage  were  provided  in  the  Fryeburg 
reservoir,  a  low  water  flo~  of  1,220  cubic  feet  per  second  could  be  obtained, 
and  that  this  would  be  capable  of  producing,  annually,  approximately  21,000,000 
kilowatt-hours  of  primary  energy  at  a  power  development  just  below  the  dam.   The 
additional  annual  outpat  of  primary  energy  at  the  existing  downstream  plants 
would  be  17,000,000' kilov.'att-hours",  arid  if  the  potential  power  were  developed, 
the  total  output  on  the  ri^^er  would  be  increased  by  65.000,000  kilowatt-hours. 

Without  any  power  development  at  the  reservoir,  the  storage  would  be  available 
for  an  increased. low  water  flow  which  would  produce  an  additional  UU, 000, 000 
kilowatt-hours  of  primary  energy  annually.  Adding  to  this  the  potential  power 
at  -undeveloped  sites,  the- total  annual  output  could  "be  increased  to  87,000,000 
kilowatt-hours.  One  hundred  twenty-seven  feet  of  the  total  2I3  feet  of  devel- 
oped head  beloT/  the  situ  have  sufficient  capacity  to  benefit  from  increased  low 
flow.   This  head  includes  the  re-developed  head  of  kk   feet  at  Biddoford. 

If  the  Fryebiirg  reservoir  were  constructed  primarily  as  a  flood  control  reser- 
voir, and  the  reservoirs  were  assumed  to  be  half  filled  at  the  beginning  of 
the  dry-  season,  the  increased  low-water  flow  of  the  river  at  West  Buxton  v;ould 
be  as  follows:  with  Fryeburg  reservoir  alone,  53^  cubic  feet  per  second;  with 
Ossipee  Lake  reservoir  alone,  23S  cubic  feet  per  second;  and  with  both  Frye- 
burg and  Ossipee  Lake  reservoirs,  6bS  cubic  feet  per  second. 

The  corresponding  annual  power  benefits  to  existing  plants  provided  by  this 
incree.sed  flow  would  be:  with  Fryeburg  reservoir  alone,  12,000,000  kilowatt- 
hours;  with  Ossipee  Lake  reservoir  alone,  1+, 000, 000  kilowatt-hours;  with  both 
reservoirs,  I6, 000,000  kilowatt-hears. 
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Navigation     A  channel  with  a  project  depth  of  S  feet  extends  5  or  6  miles  up- 
stream to  the  twin  cities  of  Saco  and  Eiddeford.   Traffic,  in  1935.  amounted 
to  20,760  tons  of  freight,  of  which  petroleum  was  the  largest  single  item. 
Some  shoaling  has  occurred  in  this  channel  and  restoration  of  project  depths 
has  been  schedviled  for  the  spring  of  I938.   This  will  probably  meet  the  needs 
of  water  transportation  on  the  Saco  River  unless,  at  some  future  time,  the" 
railroad  line  through  Biddeford  and  Saco  is  connected  with  the  wharves. 

Erosion     Along  the  larger  streams  of  the  Saco  basin  there  is  slight  sheet 
erosion,  usually  accompanied  by  occasional  gullying.   In  two  relatively  small 
areas,  near  West  Buxton  and  near  Biddeford,  erosive  action  has  carried  away 
at  least  Z'^'^o   of  the  top-soil,  but  in  no  parts  of  the  basin  may  erosion  problems 
be  termed  serious. 

Drainage     The  advantage  of  conserving  the  wildlife  of  swamps,  bogs  and 
marshes  as- opposed  to  tlie  desirability  of  eliminating  the  mosquito  pests  of 
these  areas  has  prompted  caution  in  specifying  drainage  proposals.   In  many 
localities,  it  is  believed  that  the  reduction  of  the  local  mosquito  nuisance 
will  compensate  for  the  loss  of  wildlife  disrupted  by  limited  drainage.   In 
the  cities  of  Saco  and  Biddeford,  7*^  a-nd  I50  acres,  respectively,  of  salt 
marsh  have  been  indicated  as  areas  where  drainage  is  justified  because  of  the 
large  summer  population  located  in  the  coastal  sections  of  these  municipali- 
ties.  The  effectiveness  of  these  small  drainage  activities  will  demonstrate 
the  limits  within  which  it  is  feasible  to  operate  large  drainage  projects. 

Recreation     The  intensive  recreational  use  of  the  ocecon  shore  and  tributary 
headwater  areas  warrants  protection  of  recognized  vacation  sites.   The  effects 
of  pollution  and  water  levels  upon  recreational  attractiveness  should  be 
thoroughly  investigated  before  measures  of  sewage  disposal,  flood  control,  or 
power  development  are  undertaken. 
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PI  SCATAQ.UA  BASIN 


GEl^HAL  DESCRIPTION 

The  Piscataqua  River  is   a  tidal   estuary  extending  northwestward  from  the 
ocean  for  about   12  miles.      Into    this  estuary,    or  its   tidal  arm,    Great 
Bay,    flow  the   Salmon  Fplls,    Cocheco,    Lamprey,    and  Exeter  Rivers,    as  well 
as  numerous   smaller   streams.      The  Piscataqua  and  its  chief   tributary, 
the   Salmon  Falls,    constitute   the   lower  35  miles  of   the  Maine-New  Hampshire 
boundary  line.      The   other  three   tributaries  named  are  all  in  New  Hampshire. 

The  Piscataqua  Basin  is   about   U^  miles  long,    from  north   to    south,    and  has 
a.  maximum  vddth,    east   to   west,    of  JiO  miles.      The    total  drainage   area  above 
the  mouth  is  l.OjO    square  miles,    of  which  2U0  are   in  Maire   and   the   re- 
mainder in  New  Hampshire.      Total  water   surface,    except   for  large    tidal 
expanses,    is  only  about   l6   square  miles,    1.5^  of   the    total  drainage  area. 

The  basin  is   irregular  in  the   northern  portion,    and  elsev/here   low  and 
rolling.      The   Salmon  Falls  River,    with  a  total   fall   of  56O  feet,    is  by 
far  the    steepest  tributary  of   the   four.      Rock  formation  is  granite,    and 
soil   covering  is  mostly  glacial   sand  and  gravel.      Twenty  per  cent   of 
the  area  is  cleared   farm  land;    the   remainder  of   the  basin,    exclusive   of 
urban  areas,    is  covered  with   socond-grov/th  forest   land. 

Mean  annual  rainfall   in   the  basin  is  about  39  inches,    evenly  distributed 
throughout   the  year.      Summer  temperature  averages  about  65°,    and  winter 
temperatures  vary  with   proximity   to    the   coast,    from  26°   to   ?0°. 

Of  the  four  principal  tributaries  of  the  Piscataqua,  the  Salmon  Palls 
River  drains  the  largest  area,  3U0  square  miles.  Plowing  south  along 
the  state  line  from  source  to  mouth,  the  river  is  about  32  miles  long 
and  drains   aji  area  about   the    same   length  and  roughly  I/3  as  wide. 

The   Cocheco  River   rises   just   southeast  of  Lajce  Winnepesaukee,    and  flows 
southeast  a  distance   of   about  35  miles,    joining  the   Salmon  Falls  River 
3  miles  below  Dover   to   form   the  Piscataqua.      The    total  area   drained  by 
the   Cocheco    is   about   220   siuare  miles. 

The  Lamprey  River  rises   in  northern  Rockingham  County  and  flows,    first 
south,    then  east,    a  total  of  about   Uo  miles   to   Great  Bay.      The   area 
drained  by  the  L>amprey  comorisus  about  180    square  miles  of  the  most 
thinly-settled  part  of   southeastern  New  Hampshire. 

The  Exeter  River  rises  about   I5  miles  east  of  Manchester,    New  Hampshire, 
and  flows  east,    then  north,    about   30  miles   through   comparatively  low 
country   to  Great  Bay.      It  drains  n    total   area   of   somewhat  over  10'^ 
square   miles. 

During  the  past  2  years   the  U.    S.    Geological   Survey  has  kept   discharge 
records  at   a  gaging   station  on  the    Salmon  Falls  River  near  Lebanon, 
Maine.      Detailed  data  for  the   flow  at   this   station  may  be   found  in   the 
U.    S.    Geological   Survey  Water  Supply  Papers,   Part   I  -  North  Atlantic 
Slope  Basins.      The   figures  in   the   Table   III-A  are    summarized  from  un- 
published  records   in   thp   office   of   the   District   Engineer  at  Augusta  and 
from  the  published  papers   of  the   Survey. 
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The  hydrograph  on  Chart  U  shows   the   average  monthly  runoff  daring  the 
past   3  years  at  Lebanon.      The   average   runoff  from   the   drainage  area  of 
IU7   sciuare  miles,    over   this  period,    is  l.UO   cubic  feet  per   second  per 
square  mile. 


HITM-AH  OCCUFAIICY 

Population  This  basin  in  I93O  had  a  population  of  87,000,   practically 

the    same   --^s  that  in  I92O.     Nearly  three-fourths  of  the   inhabitants  are  in 
New  Hampshire.      The  density  is  relatively  high,    about   85  per   square  mile 
as   contrasted  to   22   in   the   Saco   River  basin  adjoining.      More    than  70^  of 
the  entire  populption  is  in  the    ten   cities  and   towns  of  over  2500  people, 
viz. : 


Portsmouth,    N.H. 

iU,U95 

Dover,               "    " 

13,573 

Sanford,          Maine 

13,392 

Hochester,      N.H. 

1C,2C9 

Sc-uersworth,  "    " 

5,680 

Exeter,             "    " 

U,g72 

Kittery,          Maine 

U.i^o 

?armington,    N.H, 

2,692 

So.   Berwick, Maine 

2, 650 

Newmarket,      N.H. 

2,511 

Only  about   20^  of   Sanford  is  in   the  Piscataqua  watershed,    the   remninder 
being  in  the   watershed  of  the  Mousam  River,    one   of   the  Maine-New  H.impshire 
coastal   group.     Portsmouth,    an  important   trading   center,    is   the    seaport 
of  New  Hampshire,      Portsmouth  Navy  Yard,    "the   only  navy  yard  in  New 
Ha'npshire,"   is  actually  in  Kittery,   Maine  on  Portsmouth  Harbor.      Dover, 
Sanford,    Rochester  and  Soraersworth  are   important  manufacturing  and  business 
centers. 

In  the   I92C-I93O   decade,    when  popul-^tion  increased  in  M^ine  nearly  kfo,    and 
in  New  Hampshire   5'/,    there   was  almost  no   increase   in  population  in   the 
Piscataqua  basin.      Of  the   ten  towns  having  over  25Cf>  population,    only  four — 
Somersworth,    Kittery,    South  Berwick  and  Newmarket — decreased;    the   entire 
group  of  ten  towns  had  a  net  increase  of  kfo.     Future  population  changes 
will  probably  be   in  proportion   to    the   increase   or  decrease   in  industrial 
activity. 

Agriculture  Agricultire   in   this   region  is  largely  of  a  specialized 

type,   with  farms   somewhat    smaller  than   the  average   farm  in  Maine  and  New 
Hampshire   one-third  of  the   total   farm  revenue   is   derived  from  poultry  and 
about   one-fourth   from   dairying.      On  account  of   the   fair  quality  of   the 
soil   in  certain  sections  and  the  proximity  to   large  markets,    the  1930 
value   of   farm  land  and  buildings  was   $62  per  acre   in  Rockingham  County  and 
$50     in  Strafford   County.      (These   two   counties   include  fully  three-fourths 
of  the   territory  in   the  Piscataqua  basin.)      According  to   the  U.    S.    Census 
of  Agriculture,    the  farn  revenue   in  the  Piscataqua  basin   in  1930  was  about 
$6,000,000. 
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In  this  region  the  trend  is  toward  a  continuance  of  specialized  farming,  es- 
pecially poultry  production.   The  raising  of  fruit  and  other  products  that 
find  a  ready  market- in  the  near-ty  population  centers  is  becoming  an  important 
part  of  farm  activity. 

Industry     Industrial  activity  includes  several  lines  of  manufactuj:-ing  - 
shoes,  textiles,  wood  products  and  many  miscellaneous  types.   In  1933  *^®  value 
of  products  manxLfactured  in  Strafford  County,  which  includes  Dover,  Eochester 
and  Somersworth,  was  over  $21,000,000.   Those  parts  of  Rockingham  and  York 
counties  within  the  Piscataqua  "br-sin  accQxinted  for  about  $12,000,000. 

On  account  of  the  diversified  character  of  manufactures  and  the  evident  trend 
toward  further  diversification,  it  is  probable  that  a  moderate  increase  in- 
manufacturing  activity  will  continue  in  this  basin. 

Mining     Although  the  rock  structure  of  most  of  the  basin  is  granite,  com- 
paratively little  quarrying  is  carried  on.   Clay  deposits  -near  Epping  have 
made  that  town  famous  for  its  brick.-  There  is,  however,  no  reason  to  believe 
that  there  will  be  any  increase  in  mining  activities. 

Lumbering     This  region  is  in  the  white  pine  belt,  but  there  is  a  relatively 
small  percentage  of  marketable  timber.   There  are  extensive  areas  of  young 
growth  of  both  pine  and  hardwood  that  assure  a  substantial  supply  of  raw 
material  for  wood-using  industries. 

Recreation     Along  the  shores  of  thfe  Piscataqua  River  aJid  Great  Bay,  as 
well  as  on  the  shores  of  the  few  ponds  near  the  headwaters,  summer  cottages 
are  to  be  found  in  great  numbers.   Except  on  the  ocean  and  ponds  the  primary 
recreational  value  of  the  basin  lies  in  wildlife,  the  -supply  of  which  would 
normally  be  plentiful,  because  the  region  is  a  naturally  favorable  habitat 
for  many  fish  and  g.ame  species.   However,  hunters  and  fishermen  from  nearby 
population  centers  have  reduced  the  numbers  to  a  point  \7here  wildlife  nay,- 
from  the  recreational  stfindpoint,  soon  cease  to  be  an  asset. 

Transportation  The  Piscataqua  River  pro^jer  has  not  been  improved  for  navi- 
gation beyond  the  railroad  bridge  at  Portsuouth.  There  is,  however,  a  natural 
channel  depth  of  about  ten  feet  frou  Portsmouth  to  the  junction  of  the.Cocheco 
and  Salmon  Falls  rivers  at  the  upper  end  of  the  tidal  estuary  and  the  channels 
of  the  Exeter,  Lamprey,  and  Bellamy  Rivers,  flowing  into  Great  Bay  and  thence 
into  the  Piscataqua,  as  well  as  that  of  the  Cocheco  River,  have  been  improved. 

There  is  a  good  system  of  highways  in  the  basin.   Nevertheless,  the  construction 
of  a  new  bridge  across  the  Piscata-qua  and  a  by-pass  around  Portsmouth  to  elim- 
inate traffic  congestion  on  Route  U.  S.#l  is  now  being  considered  by  an  Inter- 
state Bridge  Commission;  and  the  New  England  Regional  Planning  Commission  has 
recommended  construction  of  a  freeway  across  the  eastern  part  of  the  basin  and 
redevelopment  of  the  arterial  highway  running  north  from  this  freeway  toward 
the  White  Mountains. 

Railway  service  is  provided  by  two  lines  of. the  Boston  and  Maine  Railroad  be- 
tween Boston  and  Portland,  one  of  which  crosses  the  basin  through  Exeter  and  ' 
Dover,  and  the  other  through  Portsmouth  and  Kittery.   The  northern  end  of  the 
valley  is  served  by  a  Boston  and  Maine  line  fron  Dover  through  Rochester  to 
North  Conway,  New  Hampshire. 


There  is  at  nresent  no  schpduled  air  transportation  to  or  from  any  point  in 
this  tasin.   The  municipal  landing  field  in  Portsmouth  is,  however,  included 
in  the  designated  route  of  U.  S.  Civil  airway  #9  from  Boston  to  Bangor  and 
Bar  Eartor, 


WATER  USE  AND  CONTROL 

Pollution     There  are  sewer  systems  in  New  Hampshire  cities  sjid  towns  which 
have  a  total  population  of  45,250;  this  is  55^  of  the  entire  population  in  the 
New  Hampshire  portion  of  the  "basin.   Of  the  eight  comm.unities  having  sewerage 
facilities',  Dover,  which  discharges  its  raw  sew€:ge  into  the  Cocheco  River,  is 
the  only  one  without  treatment  works.   One  community  treats  its  sewage  by 
means  of  an  Inhoff  tank;  two,  by  septic  tanks;  4  by  sand  filters. 

Over  half  of  the  population  of  11,500  in  the  Maine  portion  of  the  basin  lives 
along  the  tidal  estuary  composing  the  lower  Piscataqua..  Kittery,  near  the 
coast  (pop.  of  4400),  has  a  se-ver  system  and  discharges  untreated  se'.7age  into 
tidewater.   The  other  Maine  communities  of  the  basin  are  without  public  sewer 
systems. 

In  addition  to  domestic  sewage,  the  river  and  tributaries  receive  large 
quantities  of  industrial  wastes  from  various  manufactories,  principally 
wollen  textile  plants.  While  the  Maine  cities  of  Berwick  and  South  Berwick 
are  responsible  for  pollution  from  woolen  wastes,  the  larger  industrial 
centers  of  Dover,  Rochester  and  Portsmouth  contribute  a  higher  degree  of 
pollution,  and  it  is  for  these  cities  that  corrective  measures  should  first 
be  considered, 

Water  Supply     The  surface  and  underground  water  supply  in  the  basin  is  . 
adequate  for  existing  needs  as  well  as  for  future  supplies.   In  general,  water 
taken  from  surface  sources  requires  treatment  before  use. 

Eleven  communities  in  New  Hampshire  have  water  supply  systems.  Several  puri- 
fication plants  are  installed  where  water  is  taken  from  surface  sources, and 
over  one-half  of  the  supplies  receive  chlorination.   Dover  and  Portsmouth, 
the  largest  communities,  use  wells  as  their  sources  of  supply. 

Maine  communities  in  the  basin  derive  practically  all  their  y/ater  from  sur- 
face sources,  and  in  all  but  one  instance  the  water  is  chlorinated.   Lebanon, 
with  a  population  of  1143,  is  the  only  large  community  without  a  public  water 
supply. 

Flood  Control     The  series  of  ponds  in  the  upper  end  ef  the  basin  and  the 
Milton  Ponds,  midway  along  the  course  of  the  river,  provide  a  retarding  in- 
fluence on  floods.  Although  these  water  areas  are  not  laxge  in  -oroportion 
to  the  basin  area,  they^  are  effective  in  times  of  high  water. 

Owing  to  the  deep  narrow  valley  of  the  river  and  the  small  areas  of  low 
borderland  along  the  river,  flood  control  is  not  urgently  needed  in  the  Salmon 
Palls  River.   The  territory  drained  by  the  other  tributaries  is  so  flat 
that  runoffs  are  too  slow  to  assume  flood  proportions. 
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The  flood  of  I936  was  the- highest  on  record.   Near  South  Lebanon,  Maine,  there 
was  recorded  a  peak  discharge  of  5,^90  cuhic  feet  per  second,  equivalent  to  a 
unit  discharge  of  37.3  cubic  feet  per  second  per  square  mile.   This  was  much 
lower  than  the  unit  discharges  for  the  same  flood  on  other  New  England  rivers 
of  equal  size. 

The  present  storage  controls  only  a  small  part  of  the  total  area,  and  the  lake 
and  pond  area  is  o-nly  l.^fo   of  the  total  basin  area.   Great  East  Pond,  the 
largest  lake,  has  storage  of  20,000  acre-feet  in  the  top  ten  feet,  and  its 
water  surface  is  about  2^6  square  miles.   The  Milton  Ponds  have  a  storage 
of  about  8,500  acre-feet  in  the  top  ten  feet  and  a  water  area  of  I.3  square 
miles.   Bow  Lake  and  Pawtuckaway  Pond,  ^vith  areas  of  1.8  and  l.U  square  miles, 
respectively,  are  the  only  other  water  bodies  of  more  than  a  square  mile  in 
area.  Although  theae  lakes  and  ponds  contain  relatively  small  amounts  of 
storage,  their  location  in  the  river  system  is  such  as  to  be  effective  in 
retarding  flood  flov/s. 

The  Army  Engineers  found,  in  the  course  of -their  I936  investigation,  that 
there  is  a  possibility  of  increasing  the  available  storage  by  constructing 
two  additional  reservoirs,  at  Milton  and  Berwick.   The  estimated  storage  of 
the  Milton  reservoir  would  be  US.OOO  acre-feet,  and  of  the  Berwick  reservoir 
from  U0,000  to  53,000  acre-feet. 

The  greater  portion  of  th;  flood  damage  in  I936  'occurred  below  the  Milton 
site  and  would  have  been  reduced  had  there  been  a  reservoir  here.   It  is 
estimated  by  the  Ariay  Engineers  that  the  Milton  reservoir  would  have  re- 
duced the  1936  flood  peak  at  Lebanon  from  5,500  to  2,U00  cubic  feet  per 
second  and  would  have  reduced  the  flood  level  by  about  5  feet,  bringing  it 
to  a  point  at  which  no  flood  damage  would  have  resulted.   Even  a  peak 
flow  of  8,500  cubic  feet  per  second,  occ-urring  v/ithout  the  reservoir,  would 
have  been  reduced  to  a  point  where  no  damage  wo-uLd  have  resulted. 

The  investigations  by  the  Army  Engineers  revealed  that  the  total  flood 
damage  in  the  I936  flood  did  not  exceed  $8,000. 

Flood  benefit  estimates  have  not  been  v/orked  out  for  these  reservoirs,  but 
it  is  doubtful  if  their  construction  can  be  shown  to  be  economical  in  view 
of  the  small  amount  of  damage  which  has  occurred  on  the  river  during  past 
floods. 

Power     The  Piscataq-ua  P.iver,  being  tidal,  has  no  power  developments;  how- 
ever, there  is  a  total  of  19,135  horsepower  installed  on  the  tributaries. 
The  Salmon  Palls  River  has  several  steep  falls  that  at  one  time  were  devel- 
oped for  power  which  was. used  tnostly  by  snail  manufacturing  establishments. 
Present  developments  have  an  installed  capacity  of  lU,lU0  horsepower  devel- 
oped at  10  plants,  under  -a  combined  head  of  37I  feet.   The  remaining  power 
of  the  Piscataqua  basin  is  developed  at  6  plants  on   the  Cocheco  River  and 
seven  plants  on  various  other  tributaries.   Hydro-electric  plants  have 
installations  totalling  S86O  horsepower. 


So.  Berwick,  Maine 

ISOO 

Salmon  Falls,  N.  H. 

3000 

Great  Falls  (Lower)  N.E. 

2UOO 

Great  Falls  (Upper)  N.H. 

3500 

Milton,  11.    H. 

11+70 

Dover,  11.  H. 

itioo 
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The  developments  of  1000  horsepower  or  over  on  the  trilmtaries  of  the  Piscat- 
aqua,  listea  by  the  U,  S.  Geological  Survey,  as  of  o^an^iary  1,  I937,  are: 

River  Location  of  Plant       TTheel  Capacity  H.F. 

Salmon  Falls  River 
Salmon  Falls  River 
Salmon  Falls  River 
Salmon  Falls  River 
Salmon  Falls  River 
Cocheco  River 

The  total  installed  capacity  in  the  r.bove  list  is  13,570  horsepower.   The 
remainder  of  the  existing  developnents,  with  capacities  between  100  and  800 
horsepower,  have  installations  totalling  5.?65  horsepower. 

The  present  demand  for  pov/cr  in  the  basin  can  be  fully  net  by  these  supple- 
mented by  power  from  public  utility  companies  located  in  adjacent  basins  which 
can  transmit  their  power  economically  to  any  part  of  the  Piscataoua  basin. 
In  vie?;  of  this  fact,  it  is  doubtful  if  the  development  of  additional  power 
on  the  river  will  be  econonicrdly  feasible  for  some  time  to  come. 

There  are  no  extensive  storag.:'  areas  in  the  basin,  and  this  condition,  coupled 
vv'ith  the  small  natural  discharge  of  the  river,  prohibits  large  power  installa- 
tions. Any  increase  in  storage  will  very  likely  have  to  be  j.iade  by  raising 
the  water  levels  of  existing  ponds.   There  are  tv/o  possible  sites  where  an 
increase  in  storage  night  be  obtained.  Great  East  Pond  and  Milton  Pond,  both 
on  the  Salmon  Falls  River.   The  raising  of  water  levels  here  v;ould  result  in 
excessive  damage  claims,  owing  to  the  general  use  of  these  lakes  and  ponds 
for  su'-oner  cottages. 

Navigation     Portsmouth  Harbor,  the  outlet  of  the  Piscataqua  River,  carried 
in  1935  traffic  comprising  8,103  passengers  -and  317,^98  tons  of  freight.  Over 
half  of  the  freight  was  coal.   The  controlling  depth  of  the  channel  to  the 
Memorial  Bridge  at  Portsmouth  is  about  J.0   feet.   Above  this  point  there  is  no 
commercial  navigation  and  the  controlling  depths  vary  greatly. 

Erosion     Moderate  sneet  erosion  appears  in  a  small  area  along  the  river 
north  of  Rochester,  and  in  a  larger  area  near  Dover  there  is  moderate  sheet 
erosion  with  occasional  gullies.   In  the  southeastern  part  of  the  basin  a 
rather  large  area  suffers  slight  sheet  erosion  and  another  area  on  the  Maine 
side  of  the  outlet  is  similarly  affected.   Slight  wind  erosion  is  active 
along  the  river  in  small  areas  near  Berwick,  and  Eliot,  Maine.   These  erosion 
problems  are  purely  local  and  are  of  land  use  rather  than  water  resources 
significance. 

Drainage     It  has  been  suggested  by  the  Maine  State  Entomologist  that  75^ 
acres  of  Kittery  salt  raa,rshland  be  drained.   Relief  from  the  pest  will  more 
than  counterbalance  wildlife  values  lost,  provided  drainage  control  is  applied 
only  to  areas  near  settled  communities. 
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Secreution     Great  Bay,  the  tidal  arm  ox"  the  Piscataqua,  would  be  of  far 
greater  recreational  value  than  it  now  is  if  it  were  not  for  the  amounts  of 
waste  disc-iarged  into  it  or  forced  into  it  by  tidal  action,  and  if  it  were 
not  for  the  expauises  of  mud  flats  exposed  at  low  tide.   To  date  no  practical 
plan  for  controllini;  tiir-.   water  level  of  Great  Bay  has  been  devised. 

The  only  other  water-recreation  problem  in  the  basin  arises  from  the  fact 
that  lalces  and  ponds  normally  well  adapted  to  recreational  uses  have  a 
fluctuation  of  water  levels  due  to  their  use  as  power  storage  reservoirs. 
This  reduces  their  recreational  value,  but  thus  far,  there  has  not  been  found 
a  remedy  for  this  sit-uation.   In  the  1937  Legislative  Session  a  Water  Control 
Commission  was  set  up  for  the  purpose  of  studj'-ing  and  coping  with  this  problem. 
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GENEFJ^L  DESCEIPTION 

The  Maine — New  Hamshire  Coastal  Basin  covers  the  small  coastal  areas  lying 
tetween  the  Androscoggin,  Presumpscot ,  Saco,  Piscataqua  and  Merrimack  Eivers. 
The  principal  streams  in  this  area  are  the  Koyal,  Plennebunk  and  Mousam  Rivers 
in  Maine,  and  the  Hampton  River  in  New  Hampshire.   This  "basin  extends  along 
the  coast  for  about  100  miles,  and  inland  a  maximum  distance  of  25  miles.  A 
total  area  of  about  750  square  miles  is  included  in  these  several  small  coast- 
al basins. 

The  area  is  a  coastal  lowland,  with  generally  rolling  country,  except  near  the 
shore,  where  the  topography  is  flat  and  there  are  numerous  sections  of  swamp 
land.  The  underlying  rock  is  granite,  covered  with  glacial  sand  and  gravel. 
The  coiatline  is  irreg'ilar  and  rocky,  with  headlands  which  are  typical  of  the 
Maine  coast,  A  large  percentage  of  the  coastline,  especially  south  of  Port- 
land, consists  of  sandy  b'^aches  separated  by  small  rocky  headlands  and  often 
broken  by  tidal  creeks  extending  to  the  tidal  marshes  inland. 

This  coastal  basin  is  a  moderately  important  agricultural  section,  with  about 
21fo   of  it  in  cleared  crop  or  pasture  land.  Most  of  the  remaining  area  is  in 
cut-over  woodland,  much  of  it  on  farms.   Aside  from  tidal  estuaries,  there  is 
practically  no  v/ater  area,  the  total  amounting  to  less  than  l^i>. 

The  average  annual  precipitation  is  about  43  inches,  uniformly  distributed 
throughout  the  year.   It  is  somewhat  greater  in  the  northeastern  portion  than 
along  the  New  Hampshire  coast.   The  winter  temperatures  average  from  24°  to 
26°,  and  the  stunmer  temperature  averages  about  66°,  the  yearly  range  being 
less  than  that  in  any  other  part  of  Maine  except  the  eastern  coastal  region. 

The  Eoyal  River  drains  the  greater  part  of  the  coastal  area  lying  between  the 
Androscoggin  and  Presumpscot  Rivers.   It  is  a  relatively  unimportant  river  and 
has  but  one  site  which  is  developed  for  power. 

The  Kennebunk  River  drains  the  area  immediately  south  of  the  Saco  basin.   The 
basin  is  about  15  miles  long,  4  miles  wide,  and  has  an  area  of  38  square  miles. 
Kennebunk  Fond,  at  the  extreme  headwaters,  and  Alewives  Pond,  about  midway 
along  its  course,  are  the  only  two  ponds  in  the  watershed. 

The  i:ousam  River,  the  largest  of  these  coastal  streams,  rises  just  east  of  the 
headwaters  of  the  Salmon  Falls  River,  and  flows  southeast,  draining  an  area  of 
nearly  200  square  miles.   There  is  some  fall  in  this  river  and  several  water 
power  plants  are  located  along  its  course. 

The  Hampton  River,  formed  by  tl:e  confluence  of  several  small  streo.ms  in  the 
salt  marshes  back  of  Hampton  Beach,  is  a  tidal  arm  entering  the  ocean  just 
south  of  the  Beach. 

No  discharge  records  are  kept  on  any  of  these  rivers. 
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HUMAN  OCCUPAI-ICY  ,...•■ 

Population     The  total  1930  population  of  these  detached  coastal  areas  was 
159,000,  of  which  Sofc   was  in  Maine.   Pb.e  region  is  the  most  thickly  settled 
of  all  the  Maine  river  tasins,  the  population  density  being  186  per  square  mile. 
Nevertheless,  there  are  only  five  cities  and  towns  of  over  2500  population, 
the  largest  and  most  important  of  which  is  Portland.   All  five  are  in  Maine: 

Portland  70,810 

South  Portland  13,840 

Sanford  13,392 

Kennebunk  3 , 302 

York  2,532 

T}:ese  communities  contain  nearly  three-fourths  of  the  total  population  of  the 
basin;  the  remainder  are  in  small  towns,  most  of  which  are  on  the  coast.   Port- 
land, the  largest  city  in  Maine,  is  the  trade  and  wholesale  center  for  western 
Maine,  and  in  some  lines  of  commerce  it  serves  the  entire  state.   Although  it 
has  a  number  of  manufa,cturing  establishm.ents,  it  is  essentially  a  railroad 
center,  a  port  of  entry,  and  a  distribution  point.   Because  of  its  importance 
in  these  respects, Portland  reflects  the  commercial  and  industrial  activity  of 
the  entire  state.   Sanford,  l^-icated  inland  on  the  Mousam  and  Great  Works 
rivers,  is  an  active  manufacturing  and  trading  comnunity. 

Of  the  five  cities  and  towns  of  more  than  2500  pooulation,  only  one  lost  in 
the  1920-1930  decade.   Portland  has  grown  in  each  decade  since  1900.   It  in- 
creased only  2fo  between  1920  and  1930,  in  contrast  to  an  increase  of  18^  in 
the  previous  decade.   South  Portland,  on  the  other  hand,  increased  50/0  be- 
tween 1920  and  1930.   Most  of  the  smaller  towns  gained  slightly.   Trends 
indicate  a  moderate  growth  in  the  future;  the  amount  of  growth  will  be  in- 
fluenced by  activities  throughout  the  state,  including  to  a  marked  degree  those 
related  to  the  recreational  industry. 

Agriculture     Farms  in  t'ris  basin  secure  About  three-fourths  of  their  rev- 
enue from  dairy  and  poultry  products.   The  high  \init  value  of  farm  land  can 
be  attributed  to  three  factors:   (1)  the  ready  market  (afforded  by  nearby 
population  centers  and  summer  colonies)  for  dairy  and  poultry  products; 
(c)  the  constant  demand  for  sites  for  summer  homes  and  estates;  (3)  the  com- 
paratively small  acreage  of  farms  as  contrasted  to  that  of  the  average  farm 
elsewhere  in  Maine  and  New  Ham.pshire.   The  first  two  factors  point  to  a 
consistent  increase  in  farm  land  value  and  tend  to  confirm  the  assumption 
that  specialized  farming  can  continue  to  be  successfully  carried  on  in  the 
basin. 

Industry     The  region  contains  a  variety  of  industries  -  shoe,  textile, 
lumber,  canning  and  others.   Portland  is  the  center  of  manufacturing  activ- 
ity,  and  at  present  manufacturing  space,  especially  in  small  units,  is  at 
a   oremium  in  that  city.   In  Portland  may  be  found  th(-  largest  canning 
factory  in  New  England.   Sanford  textile  mills  are  noted  for  their  quick 
recovery  after  a  severe  decline  in  activity  during. the  early  part  of  the 
depression.   The  value  of  products  manufnctured  in  Portl:md  in  1933  was  a- 
bout  $16,000,000. 
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IncroLised  activity  anions  squall  manufacturing  escablisiunents  is  in  evidence  in 
the  vicinity  of  Portland.   New  enterprises  are  attracted  ty  the  general  com- 
mercial activities  of  that  city,  and  by  its  importaiice  as  a  transportation 
center. 

Mining     A  limited  amount  of  granite  quarrying  has  been  carried  on  in  many 
localities,  but  the  amour.t  of  production  is  low  and  relatively  loniniportant. 

Lumbering     Timberlands  bearing  white  and  Norway  pine  and  hardwoods  are 
scattered  and  limited  in  area.   They  contain  principally  young  second  growth. 
Inambering  operations  are  confined  to  small  saw  mills.   The  woodland  tracts  are 
more  important  for  recreational  pTjxposes  than  their  timber  production.   The 
only  expansion  anticipated  in  lumbering  operations  v;ill  be  that  brought  about 
by  maturity  of  young  pine  stands  scattered  throughout  the  region. 

Pishing     Commercial  fishing,  carried  on  on  a  small  scale  at  some  of  the 
ports,  is  of  value  princi^Dally  in  connection  with  the  summer  trade.   The  only 
change  anticipated  is  in  the  shell  fish  industry,  which  is  menaced  by  pollu- 
tion and  by  inadequfite  control  of  the  catch. 

Hecreation     The  coast  in  these  basins  is  a  favorite  vacation  spot  attract- 
ing visitors  in  great  numbers  from  this  country  and  Canada.   Recreational  use 
has  been  so  intensive  tha.t  property  values  along  the  seashore  are  based  wholly 
upon  that  demand,  and  at  some  beaches  prices  now  exceed  fifteen  dollars  a  front 
foot  and  two  thousand  dollci-rs  an  acre.   Such  values  illustrate  better  than  can 
general  description  the  extent  of  recreational  development  along  the  New  Hamp- 
shire .'ind  southwestern  Maine  coast.   The  inland  section  also  has  a  s^jramer  pop- 
ulation, but  smaller  than  that  on  the  coast. 

Transportation     The  many  harbors  and  tidal  estuaries  in  this  basin  are  used 
almost  entirely  by  pleasui^e  craft.   Commercial  navigation  is  confined  primarily 
to  Portland  Harbor,  one  of  tue  best  on  the  Atlantic  coast. 

The  Atlantic  coast  highway  (U.  S.  Route  #1)  traverses  the  basin,  and  from  it 
numerous  supplementary  highwp^s  lead  to  all  the  important  cities  and  towns  in 
the  area.   The  Nev/  England  Regional  Planning  Commission  has  recommended  con- 
struction of  a  freeway  a  few  miles  inland  from  Route  fl,  so  as  to  relieve 
congestion  on  the  existing  coastal  highway. 

Railroad  service  is  provided  by  the  shore  routes  of  the  Boston  and  Main'e  and 
lilaine  Central  railroads.   In  addition,  direct  service  fror;  Portland  to  Montreal 
and  ether  Canadian  points  is  furnished  by  the  Canadian  National  Rail\7ay. 

Scheduled  air  transport  service  is  maintained  from  the  Portland  (Stroudwater) 
airport  to  Boston  and  to  Augusta  and  other  points  in  northern  and  eastern 
Maine.   Landi'ig  fields  are  located  at  Portland,  York,  'S.anf'Ord,  Scarboro,  and 
Brunswick,  Maine. 
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WAT3E  USE  MP  CONTROL 

Pollution     The  greatest  permanent  resident  concentrations  are  in  the  vicinity 
of  Portland  and  Sanford.   Portland  Harbor  receives  the  untreated  domestic 
wastes  of  approximately  80,000  people  and  the  industrial  wastes  from  a  hetero- 
geneous group  of  small  plants  employing  ahout  5000  people.   Since  the  harbor 
and  tidal  flats  nearly  surround  thp  peninsular  which  the  city  occupies, an  un- 
sightly and  unl-.ealthy  situation  exists,   Portland  harbor  is  a  part  of  Casco 
Bay,  on  the  islands  and  shores  of  which  there  is  intensive  recreational  devel- 
opment.  Increase  in  the  polluted  harbor  conditions  tends  to  reduce  property 
values.  Moreover,  it  will  discourage  summer  visitors  from  spending  their 
vacations  in  the  vicinity. 

Sanford,  a  large  inland  industrial  center,  has  a  population  of  over  1?,000,  a 
third  of  which  is  employed  in  industry.   The  industrial  wastes,  practically 
all  from  shoe  or  textile  plants,  perhaps  cause  less  serious  pollution  than  the 
domestic  wastes,  although  no  treatment  is  applied  to  either  before  entering 

the  Mousam  River. 

Downstream  on  the  Mousam,  Kennebunk,  with  3000  people,  increases  the  river 
pollution  load  with  both  types  of  waste.   This  stream  carries  svich  a  heavy 
pollution  load  in  proportion  to  its  size  that  it  constitutes  a  very  real  men- 
ace to  public  health  in  the  vicinity  and  retards  expansion  of  the  recrea- 
tional communities  near  its  outlet. 

In  other  parts  of  the  basin  there  are  two  types  of  pollution  problems.  One 
is  the  usual  result  of  intensive  occupation  by  summer  residents,  namely,  con- 
tamination of  lakes  and  ponds  to  such  extent  that  bathin.i^  is  unpleasant  and 
fish  life  is  destroyed.   The  solution  to  this  problem  depends  on  the  carrying 
out  of  local  sanitary  ordinances. 

The  second  type  of  problem  arises  from  recreational  occupancy  of  ocean  beaches. 
In  the  early  years  circumstances  were  such  that  sewerage  was  a  problem  for  the 
individual.  More  recently,  organized  systems  have  been  established  in  con- 
centrated areas  and  through  these  systems  untreated  sewage  has  been  discharged 
into  the  nearest  waterway.   Tl-ie  present  volumes  of  waste  have  created  obnoxious 
local  situations  which  will  become  intensified  as  settlements  become  more  dense. 
The  greatest  handicap  is  of  an  engineering  and  financial  nature  because  the 
installation  of  intercepting  mains  is  made  so  difficult  by  low  elevationsand 
ledges.   Improvement  in  methods  of  discharge  of  domestic  waste  is  needed  at 
Scarboro,  Old  Orchard  Beach,  Kennebunk  and  Wells. 

Old  Orchard  Beach  has  the  largest  concentration  of  summer  peoole  and  hence 
presents  the  m.ost  serious  problem.   Here  the  year-round  population  is  1700, 
but  the  hotels  have  a  capacity  of  5000,  and  at  times  the  overnight  population 
probably  exceeds  ?0,000. 

Water  Supply     Most  of  the  communities  in  this  area  have  public  water  sup- 
lies,  the  sources  of  which  are  divided  about  equally  among  lakes,  streams  and 
wells.   The  largest  water  supply  in  Maine  is  taken  from  Sebago  Lake,  in  the 
Presumpscot  basin,  by  the  Portland  Water  District  and  distributed  to  Portland, 
Falmouth,  Gorham,  WindJiam,  Westbrook,  South  Portland  and  other  smaller  com- 
munities. 
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Although  present  supplies  are  adequate,  opportunities  exist  along  the  coast  to 
develop  additional  ground  and  surface  soiirces,  when  and  if  they  are  needed.  As 
ground  water  sources  along  coastal  sections  are  sutject  to  salt  water  infiltra- 
tion if  draT,Ti  down  exoessively ,    such  sources  are  generally  suitable  only  for 
small  supplies. 

There  are  several  towns  in  the  area  rithout  public  water  supplies.  If  public 
health,  fire  protection,  and  general  convenience  were  taken  into. acooont,  in- 
stallation of  systems  in  some  of  these  towns  would  be  economically  justified. 

?loQd  Control     Bamages  from  floods  on  these  streams  are  negligible.   The 
land  which  is  occasionally  submerged  is  mpstly  pasture  or  woodland,  and  no 
largu  communities  are  located  along  the  rivers.   No  general  application  of 
flood  prevention  measures  is  warranted. 

Fov/er     Tlie  Mousam  River  is  the  only  stream  in  this  area  which  has  a  fall  of 
any  significance.   Tiie  total  power  on  the  river  is  U7U9  horsepower,  developed 
at  2  plants,  6  of  which  h^ve  installation  of  less  than  5OO  horsepower.   The 
largest  development  is  at  Old  Falls,  where  the  plant  of  the  York  Utilities 
Company  has  .an  installed  capacity  of  225O  horsepower.   The  same  comp.any  has 
another  plant,  called  New  Dam,  where  1000  horsepower  are  developed. 

There  is  an  installation  at  Yarmuutu,  on  the  Eoyal  River,  where  the  wheel 
capacity  is  219  horsepower. 

The  Kcnneb-onk  River  has  practically  no  power  possibilities.   The  fall  of  the 
river  is  rather  steep,  averaging  15-^  feet  par  mile,  but  the  discharge  of  the 
river  is  too  meagre  to  penait  other  than  extremely  small  power  developments. 
House  Docu'nent  #4S1,  71st  Congress,  2nd  Session,  lists  three  saw  mills  on  the 
river  with  a  total  rated  horsepower  of  Q-'*   ^^ew  power  could  be  developed  at 
some  points  on  the  river,  but  this  power  would  be  so  small  that  it  wouJ.d  not 
be  economically  feasible. 

On  a  tidal  arm  near  the  nouth  of  the  Kennebuni:  River  there  is  a  tidal  grist 
mill  v/hich  is  still  in  operation  -  one  of  the  few  in  the  country. 

Navigation     Natural  harbors  and  anchorages  are  numerous  along  the  coast, 
and  are  used  by  large  miribcrs  of  fishing  and  pleasure  craft.   Portland  Harbor 
has  the  greatest  amount  of  conmercial  shipping,  2,786,363  tons  in  1935*   The 
chief  commodity  of  freight  entering  the  harbor  is  coal.  During  the  winter 
season  cargoes,  principally  grain,  are  shipped  from  Montreal  and  other  Can- 
adian points  to  Portland  by  rail,  and  thence  by  boat  out  of  Portland  Harbor 
because  it  is  open  the  year  round,  while  the  St.  Lawrence  is  frozen  over  nearly 
half  the  year.   The  project  depth  in  Portland  harbor  is  35  feet  in  the  lower 
harbor  and  3O  feet  in  the  main  channel  and  anchorage  basin.   There  is  a  12-foot 
channel  in  Back  Gove.  The  removal  of  two  ledges  in  the  main  ship  channel  is 
the  navigation  improve:.ient  most  needed. 

Various  New  Hampshire  aa'encies  have  investigated  the  possibilities  of,  and 
recorai.iended  development  of  Bye  Harbor  as  a  yachting  center.   Contingent  on  re- 
ceiving supplementary  federal  funds,  the  state  has  made  available  $15^-,  000  for 
constructing  jetties  and  dredging  the  mrbor.   There  has  also  been  di&cussion 
of  and  support  for  development  of  an  inland  waterway  from  Hampton  River  south 
to  Newburyport  Harbor,  oossibly  to  Cape  Ann. 
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Erosion     There  are  several  localities  which  have  evidence  of  slight  erosion 
accompanied  by  occasional  gullying.   Moderate  sheet  erosion  occurs  infrequent- 
ly, and  only  two  small  localities,  near  Scarboro  and  Brunswick,  experience 
any  notable  degree  of  wind  erosion. 

"The  Desert  of  Maine,"  between  Freeport  and  Brunswick,  is  a  rapidly  increas- 
ing expanse  of  shifting  sand  in  an  area  which  was  actively  farmed  a  few 
decades  ago.  The  exact  cause  of  this  phenomenon  has  not  thus  far  been  ascer- 
tained.       ' 

Drainage     Along  most  of  this  coastal  area  there  is  a  continuous  frontage 
of  good  beach  backed  by  salt  marsh.   'The  beach  is  occupied  by  summer  homes, 
hotels  and  seasonal  bursiness  establishments.  Naturally  the  large  number  of 
mosquitoes  bred  in  the  nearby  marshes  annoy- the  summer  people,  and  serious 
consideration  has  been  given  to  practical  methods  of  control.   Marsh  drainage 
would  abate  the  mosquito  nuisance  and  eliminate  the  costs  of  applying  oil. 
However,  because  there  is  no  evidence  of  malaria  mosquitoes  it  is  pertinent 
to  consider  the  inevitable  disruption  of  biological  life  that  would  result  from 
complete  drainage.  A  conservative  procedure  would  be  to  restrict  immediate 
drainage  to  the  marsh  land  adjoining  the  large  settlements.  On  the  basis  of 
inaugurating  a  drainage  control  program  limited,  temporarily,  'at  least,  to  the 
recognized  recreational  centers  of  this  basin,  4640  acren  of  marsh  have  been 
designated  by  the  Maine  S^ate  Sntomologist  in  the  following  municipalities: 
Cape  Elizabeth,  150  acres;  ?';arhcro,  2000  acres;  Old  Orchard  Beach,  540  acres; 
Kennebunkport ,  550  acres;  and  7.ells,  1400  acres.      '  ■ 

Recrca-.inn  Recreation  seekers  sup-ply  a  large  part  o;f  the  in- 

ccjie  ro'Jized  in  this  section.   Eence  the  primary  vvater  problems  are  those 
which  concern  the  preservation  or  improvement  of  recreational  attractions. 
It  is  advisable  that  any  water  proposals  be  thoroughly  investigated  by  quali- 
fied recreation  and  wildlife  authorities. 
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■  TABLE  III-A'" 
SUMMAHY  QF  STESAI-l  FLOW  R^COEDS  -  MAINE  BASINS 


Location  of  Station 


Drainage  Number  Discharge  in  Cubic  Feet  per  Second 

Area  Years 

Square  of  Max.     Min.'.  Mean    Peak  Flow 

Miles  Record  Day Day    Annual 


St.  John  Eiver  Basin 
St.  John  Eiver 
at  7an  Bur en,  Me. 

St.  John  Eiver  he- 
low  Fish  Eiver  at 
Ft.  Kent,  Me. 

Allagash  Eiver 
near  Allagash,  Me. 

Fish  River  near 
Ft.  Kent,  Me. 
Aroostook  River 
at  Washburn,  Me. 

St.  Croix  River  Basin 
St.  Croix  Eiver  at 
Vanceboro,  Me. 

St.  Croix  Eiver 

near  Baileyville,  Me. 

Grand  Lake  Stream 

at  Grand  Lake  Stream, Me. 

Machias  River  Basin 
Machias  E.  at 
Whitneyville ,  Me. 

East  Machias  R.'  near 
East  Machias,  Me. 

Union  River  Basin 

West  Branch  of  Union  R. 
Amherst,  Me. 

Penobscot  Eiver  Basin 
West  Branch  of  Penob- 
scot R.  at  Millinocket, 

Me. 

West'  Branch  of  Penob 
scot  R.  near  Medway,  Me, 

(a)  Discontinued  in  1938 


8270 

5690 

1250 
867 

1620- 

435 

1320 

249 


20(a-)   133,000  720  .14,100  134,000 

10  117,000  9-40  9,900  121,000 

5  23,400  131  2,075  23,400 

7  10,900  47  1,344  11,000 

6  37,000  94  2,570  37,900 

8  3,650  21  692  4,010 
16  22,900  500  2,060  23,300 

8  1,510  11  .  327.  1,520 


465       22       11,1^0    10      999   '  11,100 
234        9        3,010    23      482     3,010 

139  17  3,450  7  272  3,620 


35 


2120 


3,066- 


23,700   100    3,684    24,100 


SIM,IAEY  OF  STREAM  FLOW  ESCOKDS  -  MAINE  BASINS 


Location  of  Station 


Drainage  Num'ber  Discharge  in  Oibic  Feet  per  Seconc 

Area  Years 

Square  of  Max.     Min.   Mean    Peak  Flow 

Miles  Record    Day Day    Annual 


Penobscot  R.  Basin  (cont.) 
Penobscot  R.  at  lest 
Enfield,  Me.  6600" 

East  Branch  of  Penobscot 

R.  at  Grindstone,  Me,      1070 

Mattawamkeag  River  at 
Mattawamkeag,  Me.         1500 

Piscataquis  River 

near  Foxcroft,  Me.         286 

Piscataqi:is  River  at 

Medford,  Me.  1170 

Sebec  River  at 

Sebec,  Me.  344 

Pleasant  River 

near  Milo,  Me.  322 

Passadiimkeag  River 

at  Lowell,  Me,  301 

Kennebec  River  Bafein 
Moosehead  Lake  at 
"East  OiAtlet",  Me.         1240 

Kennebec  River  at 

Moosehead,  Me.  1240 

Kennebec  River  at 

The  Forks,  Me.  1570 

Kennebec  River  at 

Bingham,  Me.  2710 

Kennebec  River  at 

^aterville,  Me.  4270 

Dead  River  at 

The  Forks,  Me.  878 

Austin  Stream  at 

Bingham,  Me.  92 

Carrabasset  River 

near  No. Anson,  Me,  351 


29  •  -•-152,000"  ■  1470'-  11,680  "  153,000 


28 


17 


31 


33,700     30    1,866    35,100 


29  42,800  86  2,749  43,900 

32  18,100  5  656  21,700 

12  46,400  127  2,257  50,200 

12  10,000  2  595  11,400 

16  22,200  22  689  24,400 

11  5,680  4  494  5,680 

40  Lake  Lrvels,  only, on  record 

15,400  62  1,813. 13,600 

18,000  215  2,516  23,700 

8  51,600  318  3,850  55,200 

44  151,000  10")  7,081 

32  27,600  20  1,381  28,700 

5  4,160  4.4    176  5,820 

16  20,100  18  678  24,100 
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SUMI'UIEY  OF  STEEAIvI  FLOW  HSCOEDS  -  MAINE  BASINS 


Location  of  Station 


Drainage  Nrnnter  Discharg:e  in  Cutic  Feet  per  Second 

Area  Years 

Square  of  Max.     Min.   Mean    Peak  Flow 

Miles  Becord  Day Day    Annual 


Kennebec  R.  Basin  (cent.) 
Sandy  River  near 
Mercer,  Me,  534 

Sebasticook  River-  near 
Pittsfield,  Me.  593 

Cobbossecontee  Stream 

at  Gardiner,  Me,  220 

Androscoggin  River  Basin 
Androscoggin  R.  at 
Srrol  Dam,  N.H.  1095 

Androscoggin  R.  at 

Gorham,  N.R.  1590 

Androscoggin  R.  at 

Rumford,  Me.  2090 

Androscoggin  R.  at 

Auburn,  Me.  3257 

Magalloway  H.  at 

Aziscdhcs  Ean,  Me.  233 

Swift  R.  near 

Roxbury,  Me.  95 

Little  Androscogp:in 

near  So. Paris,  Me.  76 

Presumpscot  River  Basin 
Presumpscot  R.  At  Out 
let  of  Sebago  Lake,  Me.      435 

Saco  River  Pasin 

Saco  R.  near  Conway,  N.H. 

Saco  R.  at  Cornish,  Me. 

Saco  R.  at  W.Buxton,  Me. 

Ossipee  R.  at  Cornish,  Me, 

Piscataqua  River  Basin 
Salmon  Falls  R.  near 
Lebanon,  Me,  147 


8     25,500 


15(b)  12,500 

7  19,500 
44  63 , 300 

8  114,000 
23  4,660 


16      5,740 


386 

7 

33,900 

1300 

20 

49,700 

1572 

30 

27,800 

455 

20 

16,300 

35 


913    33,000 


8     14,300      14      938    14,400 
46      4,320      13      318     5,020 


32  1,785  12,500 

958  2,430  19,900 

•3,476  74,000. 

465  5,670  135,000 

0  492  — 
5,4  206  13,000 

1  139  6,980  ■ 

0  640 

40  865  40,600 

9.0  2 ,  584  51 ,  300 

121  2,949  58,200 

28  843  17,200 


5,180 


206 


5,490 
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TAiSLE  IV 

explai;a.tohy  notes 

Concerning  the  table  of 

SELECTED  DATA  OK  DOMESTIC  AND  INDUSTRIAL  WASTES 

IN  '/RINICIPALITIES  HAVING  ORGANIZED  SEWER  SYSTEMS 

Coliupn  1.   Town  or  Cit;--.  Municipalities,  arranged  alphabetically, 

where  available  information  positively  indicated  the  existence  of  an 
organized  sewerage  system. 

Coliunn  2.   Population  I93O.   Entire  population  of  the  civil  division  as 
reported  by  the  1930  Census. 

Column  3.   Population  Served.   Best  available  estimate  of  the  persons  served 
by  an  organized  system. 

Column  h.      Discharge  in  thousand  gallons  per  day.   The  best  available 
estimate  of  the  voliirae  of  sewage  discharged. 

Column  5.   Treatment.  Abbreviations,  noted  below,  indicate  the  type  of 
treatment  applied  to  the  domestic  wastes. 

Column  6.   Chief  sources  of  Industrial  Wastes.   The  industries  which  com- 
monly polD.uto  streams  are  indicated  by  concise  reference  to  the  type  of 
plant,  product  or  raw  material. 


—  No  information  available 

(P)  Partial 

(s)  Summer  resort. 

(S)  State  Institution 

(U)  College  or  University 

Various  Several  industries  present  with  none  clearly  predominant. 

Milk  Refers  to  pasteurizing,  ice  croam  and  dairy  plants. 

Fort.  Fertilizer  factory. 

Oil  Petrolou'n  products;  storage  or  distribution  plants. 

Gas  Illuminating  gas  manui'acturing  plant. 

Cannery  Includes  fish  packing. 


Im.  Imhoff  Tank 

Sp.  Septic  Tarik 

SF.  Sand  filtration. 

F.  Filtration. 

CP.  Cesspool 

SI.  Sludge  treatment. 

AcSl.  Activated  sludge  plant. 


A.  Aoration. 

CI.  Chlorin.ation 

St.  Settling 

Sc.  Screening  (-fine) 

Br.  Barging  sludge  to  sea. 

Sra.  Sedimentation 

Ir.  Irrigation 


SOURCES  OF  DIEOPJvlATION 


Unpublished  Data,  State  Planning  Boards 
Unpublished  Data,  State  Health  Departments 
Annual  Reports,  State  Health  Departments 


TABLE  IV-A 
SELECTED  DATA  ON  DOMESTIC  AND  INDUSTRIAL  WASTES 
IN  MTTNICIPALITIES  HAVING  OKGANIZED  SEWSS  SYSTEMS 


ST.  JOHN  BASIN 


Dome 

stic  Sewage 

Discbarge 

Industrial 

Population- 

thous. 

Wastes 

Town  or  City- 

1930 

Served 

gal /day 

Treatment 

Chief  Sources 

Elaine,  Maine 

1061 

200 



none 



Caribou 

7248 

4000 

— 

none 

Fertilizer 

Fort  Fairfield 

5393 

2500 

— 

none 

Starch 

Fort  Kent 

4726 

2000  ■ 

— 

none 

Starch 

Houlton    ' 

6865 

5000 

600 

none 

Fertilizer 

Limestone 

1953 

800 

— 

none 

Starch 

Madawaska 

3533 

2000 

— 

none 

Paper 

Mars  Hill 

1837 

1000 

— 

none 

Starch 

Presque  Isle 

6965 

4700 

— 

Im.Sl. 

Starch  and 
Fertilizer 

Isn   Buren 

4721 

2500-  ■ 

_- 

none 

Starch 

Washburn 

1974 

800 

~ 

Sp. 

— 

ST.  CROIX  BASIN 

Baileyville,  Maine 

2017 

1200 

__ 

none 

Paper 

Calais 

5470 

4000 

~ 

none 

— 

EASTERN  MAINE 

COASTAL  BASINS 

Bar  Harbor,,  Maine 

4485 

4000 

— 

none 

~ 

Castine 

726 

1300 

— 

none 

— 

Eastport 

3466 

3500 

30 

none 

Cannery 

Ellsworth 

3557 

2000 

— 

none 

Milk 

Lubec 

2994 

1000 

— 

none 

Cannery 

Machias 

1356 

600 

10 

none 

— 

Milbridge 

1213 

300 

— 

none 

Cannery 

Stonington 

1418 

200 

~ 

none 

Cannery 

PENOBSCOT  BASIN 

Bangor,  Maine 

28749 

23000  ■ 

4000 

none 

Various 

Irewer 

6329 

5000 

—  ■ 

none 

Pulp  and  Paper 

Brownville 

1910 

500 

— 

none 

— 

Bucksport 

2135 

500 

— 

none 

Paper 

Dover-Foxcroft 

3750 

2000 

— 

none 

Woolens 

Danforth 

1467 

500 

— 

none 

Milk 

East  Millinocket 

1593 

1600 

275 

none 

Paper 

Guilford 

1735 

500 

— 

none 

Woolens 

Lincoln 

2970 

1500' 

— 

none 

Paper  and  Woolens 

Milford 

1203 

510  ■ 

— 

none 

— 

Millinocket 

5850 

5800 

— 

none 

Paper 

Milo 

2912 

3000 

15 

none 

— 

Old  Town 

7266 

4500 

— 

none 

Paper  and  Woolens 

n-r^no 

3338 

4000 

— 

none 

Paper 
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PENOBSCOT  BASIN   (cont'd) 


DOIQi 

?stic  SewPjsre 

■Disch^argo 

Industrial 

Popul 

at  ion 

thous. 

Wastes 

Town  or  City 

1930 

Served 

gal/day   Tr 

•eatraont 

Chief  Sources 

Sangerville,  Maine 

1225 

300 

— 

none 

Woolens 

Veazie 

568 

200 

— 

none 

— 

Winterport 

1437 

700 

— 

nono 

— 

CENTRAL  MAINE 

COASTAL  BASIN 

Belfast,  Maine 

4993 

3000 



none 

Fertilizer 

Boothbay  Harbor 

3076 

2000 

— 

none 

Cn^mexy 

Caffden 

3606 

3000 

~, 

none 

Woolens 

Eo  cklMnd 

9075 

8000 

320 

none 

Milk  and  Gas 

St.  George 

2108 

300, 

— 

none 

— 

Searsport 

1414 

800 

— 

none 

Fertilizer 

Thomaston 

2214 

1500 

— 

none 

Cannery 

Waldoboro 

2311 

1200. 

— 

none 

Cannery 

¥i seas set 

1186 

600 

— 

none 

— 

PEE SUivIP SCOT  BASIN 

Bridgton,  Maine 

2659 

2000 

— 

none 

Woolens 

Gorham 

3035 

100 

.2 

none 



Westbrook 

10807 

6000 

~ 

none 

Paper  and  Cotton 

KEMIEBEC  BASIN 

Augusta,  Maine 

17198 

12000 



none 

Cotton  and  Paper 

Mth 

9  lie 

7000 

— 

none 

Milk 

Benton 

1156 

175 



none 



Bing]:iam 

1592 

500 

, 

none 

— 

Dexter 

4063 

2000 



none 

Woolens 

Fairfield 

5132 

2000 

_- 

none 

Woolens  and  Pulp 

Farraingdalo 

1044 

700 



none 



Parraington 

3500 

1800 



none 

Milk 

Gardiner 

5609 

5000 

50 

none 

Paper 

Hallowell 

2675 

2000 

— 

none 

Jackman 

1099 

500 

— 

none 

— 

Kingfield 

1024 

80C 

— 

none 

— 

Madi  son 

3956 

3000 

— 

none 

Paper  and  Woolais 

Newport 

1731 

1000 

— 

none 

Woolens  and  Llilk 

Oakland 

2664 

1500 



none 

Woolens  and  Milk 

Pittsfield 

2935 

2000 

375 

Sp. 

Woolens 

Randolph 

1377 

1250 

2 

none 

— 

Richmond 

1964 

1000 

— 

none 

Woolens 

Skowhegan 

6433  , 

4000 



none 

Woolens  and  Milk 

Waterville 

15454 

10000 

— 

none 

ViToolens  and  Cotton 

Wilton 

3266 

1500 



none 

Woolens 

Tinslow 

3917 

2500 

— 

none  ■ 

Paper 

MDROSCOGGIN  BASIN 
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.Domestic   SeTOp;e 


Tovm  or  City 


Discharge 
Population       thtma. 
1950   Served     gal/day   Treatment 


Berlin,  New  Hampshire  20016 
Gorham  2763 


Auburn,  Maine 

Bethel 

Brunswi  ck 

Canton 

Dixfield 

Jay 

Levis ton 

Livermore  Falls 

Mcchpjiic  Falls 

Mexi  CO 

Horwtiy 

Paris 

Romford 

Topshaia 


18571 

2025 
7604 
■767 
1521 
3106 

S4943 
3148 
2033 
4767 
3145 
3761 

10340 
2111 


15000 


15000 

1000- 

7000 

500 

1000 

200 

GOOOO 

2500 

2000 
2500 
2500 
7000 
1200 


1500 


300 


SACO  BASIN 


Dover,    Now  Hfuiipshire        13573 


Durham 

Exeter 

Farnington 

llevjiaarket 

Portsmouth 

Ro  che  st  er 

SomersTvorth 


1217 

4872 
2698 
2511 
14495 
10209 
5680 


10000 

2000  (U) 

4000 

1000 

2500 
12000 

8000 

3000 


570 

200 

224 

48 

182-^- 

1200 

2500 

189 


none 
none 

none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 


Bartlett,  New  Hampshire  1119 

300 

30 

none 

Ossipeo               1230 

100 

1 

Sp.F, 

Biddeford,  Maine       17633 

15000 



none 

Limerick               1199 

600 

10 

none 

Pro-scnsfield  (Kezar  F.)  897 

500 

— 

none 

Saco                  7233 

4000 

— 

none 

PISCATAQUA 

.BASIN 

no  ne 

In. 

Sp. 

Sp.F. 

SF. 

SF. 

SF. 

SF. 


Industrial 

Wastes 

Chief   Sources 


Milk 


Cotton  and  Milk 
Tannery 

Paper 

Cotton  and  Woolen 

Paper 

Paper 

Hiik 


Paper 
Paioer 


Cotton 

Woolen  and  Rayon 

Woolens 

Cotton 


Kitter^-,  Main 


4400     -1000       —        none 
MAINB-MW  Em.IP SHIRE  COASTAL  BASIN 


Cape  Elizabeth,  Maine 


2376 


1900 


Falmouth 

2041 

1500 

— 

Freeport 

2184 

500 

— 

Kennehunk 

3302 

1000 

— 

Konnobunkport 

1284 

1000 

— 

Old  Orchard  Beach 

1620 

1500 

— 

Pox-tland 

70810 

50000 

10500 

none 

none 

Sp. 

none 

uono 

CP. 

none 


Milk 
Various 
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Mjmro-TfFTr  HAIvIPSHIHE   COASTAL  BASIN  (cont'd) 


Discharge 

Industrial 

POTiul 

at  ion 

thous. 

Wastes 

Town  or  City 

1930 

Served 

gal/dajr 

Treatment 

Chief   Sources 

SaJifcrd,    Maine 

13392 

10000 

— 

none 

Woolens 

South  Portland 

13840 

14000 

— 

none 

Milk 

Vfells 

2047 

500 

— 

Sp. 

— 

Yarmouth 

2125 

1700- 

n. 

none 

Cotton 

York 

2532 

300 

— 

Sp. 

— 

Ha-npton,  Ne^;7  Hampshire  1507 


In. 
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EXPIAN-'.TORY  NOTES 

concerning  tables  of  the 

ORGANIZED  7IATER   SUPPLY  SYSTEIIS 


Colunin  1.  Town  or  city.  Mianicipalities,  arranged  alphabetically,  where 
available  information  indicates  the  existence  of  an  organized 
public  or  semi-public  water  supply  system. 

Column  2.  Population  1930'  Entire  population  of  the  civil  division  as 
reported  by  the  I93O  census. 

Column  3.   Population  Served.   Best  available  estimate  of  the  persons 
served  by  an  organized  system  (as  for  the  year  I936). 

Column  4.    Consumption  in  thousand  gallons  per  day.   Best  available 
estimate  of  the  normal  daily  requirement. 

Column  5.   Sources  of  supply.   Tiie  type  of  source  drawn  from  is  indicated 
by  symbols:-  R.  for  Reservoir,  Pond  or  Lake;  W.  for  Wells, 
either  deep  or  shallow;  Spr.  for  Spring;  Str.  for  Streams. 

Column  6.   Watershed  area  in  square  miles.   Best  available  estimate  of 
the  drainage  area  upon  which  the.  water  supply  is  dependent. 

Coliimn  7.  Capacity  in  millions  of  gallons.  Best  available  estimate  of 
the  quantity  of  water  stored  by,  or  imjnediately  available  to, 
the  municipal  supply. 

Column  3.   Type  of  Treatment.  Available  information  concerning  the 
methods  used  to  improve  the  quality  of  the  water  served. 


SYivIBOLS 


(2),  etc.  Numerals  enclosed  in  parentheses  indicate  the  number  of  separate 
water  supply  systems  which  serve  the  m:'anicipality.  Where  there 
is  only  one  system  no  symbol  is  necessary. 

(S)         Includes  State  institution 

(T)        Includes  Suiamer  population  served 

(U)        Includes  College  or  School 

(s)        Provides  Summer  service  only 

(a),  (b),  etc.  Letters  enclosed  in  parentheses  link  civil  divisions  served 
by  the  same  water  source :- 

In  column  3  and  k   they  link  municipalities  where  available  in- 
formation does  not  give  the  niimber  served  in  each  town. 
In  column  5  latter  indicates  that  the  civil  division  imports 
water. 

In  column  6  and  7  letter  indicates  that  the  civil  division  ex- 
ports water. 

Letters  lin]<  municipalities  within  one  state  and  basin; 
cross-references  between  basins  or  states  appear  in  footnotes. 


1-^0 


Synibols  (continued) 


A. 

Aeration 

K. 

Activated  carbon 

Al. 

Alum 

L. 

Line 

AlSl. 

.■ilurainuri   s^ilphate 

MF.    ■ 

Mechanical  filter 

An. 

Aunonia 

PF. 

Pressure   filter 

AraSI . 

Aramoniuiii  suLpnate 

pH. 

Correction  of  reaction 

AS. 

Alua  -  Soda  Ash 

KF. 

Rapid  filter 

cc. 

Corrosive  correction 

S. 

Soda  Ash 

CI. 

Chlorine 

SF. 

Slow  filter 

Co. 

Coa,^ju3ation 

Sn;. 

Sedimentation 

CuSl. 

Copper  sulphite- 

SoCl. 

Sodiu.a  hypochlorite 

J. 

Filter  . 

St. 

Storage  of  protective 

IR. 

Iron  reraoval 

significance. 

SOimCES  OF 

IlffOHlvIATION 

Unpuhlished  Datri,  State  Planning  Boards 
Unpublished  Data,  State-  Health' Departnents 
Annual  Reports,  State  Health  Departments 
Annual  Report?,  Public  Utilities  Qonnisfion: 
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TAPLE  VI-A 
EXISTING  UATZR  TOWER  -  UAllJF.   BASINS 


m.    OF        CAPACITY  OF  PUNTS  OF      C^P.-.Cirf  tjsed  TOTAL 

PLANTS  IN  FOR  CAPACITY 

over       1,000  to   under  Horse- 

Maine     10,000  HP.  9,990  HP.   1,000  HP.  T^tility  Mfg,  power 


1,040 


250 


1,040 


250 


1,290 


ST.  CROIX 


26,150 


610 


610  26,150   26,760 


EASTERN  MINE 

COASTALS 

14 

11,220 

1,700 

Orange 

3 

0 

0 

Machias 

3 

0 

0 

ethers 

3 

11,220 

1,700 

2,794  13,962  1,752  15,714 

545       210  335  545 

902       410  492  902 

1,347  13,342  925  14,267 


FENCE SCOT  31 

Main  Stream  9 

West  Branch  4 

Piscataquis  11 

Others  7 


61,400  69,335 

0  40,809 

61,400  14,888 
0  4,338 

0  9,350- 


5,013  37,264  98,534  135,798 

300  25,481  15,628  41,109 

0  5,000  71,283  76,288 

3,283  5,883  1,738  7,621 

1,430  900  9,880  10,780 


CENTRAL  MINE 

COASTALS 

15 

0  . 

0 

Megunticook 

3 

0 

0 

Others 

12 

0 

0 

KEm^BEC 

49 

109, 

,940 

44,510 

Main  Stream 

13 

109, 

,940 

28,625 

Setasticook 

15 

0 

3,435 

Messalonskee 

4 

0 

.  10,150 

Cobbossecontee 

6 

0 

2,300 

Others 

11 

0 

0 

3,637     1,650   1,987    3,637 

674         0     674      674 

2,963  1,650       1,313  2,963 


6,350  107,864  52,936  160,300 

1,181  92,867  46,879  139,746 

2,363  3,435  2,363  5,798 

0  10,150  0  ,10.150 

898  140  3,058  3,198 

1,908  1,272  636  1,908 
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m.    OF        

PLANTS  IN 

over 
r.K.  Me.   10.000  HP 


CAPACITY  OF  PLANTS  OF 


CAPACITY  nSED   TOTAL 

FOR       CAPACITY 
1,000  to   under  Horse- 

9.990  HP.   1,000  HP.  Utility  Mfg,  power 


ANDROSCOGGIN 
Main  Stream 


Little 
Androscoggin 


Sabattus 
Others 


10  31  157,160 
10  17  157,160 


0   7 
0   3 

0   4 


83,220  6,089  50,330  196,069  246,469 

81,313  1,400  47,782  192,091  239,873 

1,907  2,911  2,008   2,310   4,318 

0  868  0     868     858 

0  910  590     320     910 


PEESU!.!PSCOT  0  14 

Main  Stream  0  9 

Stevens  Brook  0  3 

Others  0  2 


0  21,965  1,232  4,870  18,327  23,197 

0  21,965  0  4,350  17,615  21,965 

0  0  983  520     463  S83 

0  0  249  0     249  249 


SACO 
Main  Stream 
Others 


1  18  25,560  10,336 
0  10  25,560  10,336 
18.0         0 


3,395  35,896  3,395  39,291 
1,150  34,521  2,525  37,046 
2,245     1,375     870   2,245 


PISCATAQUA 
Main  Stream 


Great  Works 

Cocheco 

Others 


Salmon  Pills   10 


0 

13,570 

5,565 

3 

,860 

10,275 

19,135 

0 

0 

0 

0 

0 

0 

0 

12,170 

2,090 

7 

,930 

6,330 

14,260 

0 

0 

1,235 

800 

455 

1,235 

0 

1,400 

1,180 

130 

2,450 

2,580 

0 

0 

1,060 

0 

1,060 

1,060 

FJ.INE-NEW 
EAl'ylPSHIRE 
COASTALS 

Mousam 


0       8  0  3,250  1,499  3,450       1,299        4,749 

0       8  0  3,250  1,499  3,450       1,299        4,749 


Plants 
GRAND  TOTAL 
MINE  BASINS  219  365,230         275,126 

*     Canadian  power  sites  are  omitted. 


36,434       265,346  410.994  676,340 
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TASLE  VII-A:   EXISTING  STORAGE 


Drainage 

Water 

Storage 

Storage 

Area 

Surface 

Capacity 

Equivalent 

Sq.Mi. 

Sq.Mi. 

Acre- 

-feet 

Inches  of  Runoff 

St.  John  Kiver 

For  log  driv- 

Estimated Total 

26,000 

~ 

ing 

only 

~ 

St.  Croix  River 

East  Grand  Lake 

146 

23.7 

Spednik  Lake 

448 

22.8 

Estimated  Total, East 

Branch 

644 

48. 

287, 

,000  - 

8.3 

Sysladobsis  Lake 

59 

9.9 

West  Grand  Lake 

220 

23.5 

Big  Lake 

— 

16.3 

Estimated  Total, West 

Branch 

674 

82. 

293, 

,000 

8.1 

Estimated  Total  St.Cro 

-ix  River 

1,473 

130. 

585, 

,000 

7.3 

Eastern  Maine  Coastal 

Basins 

Machias  River  Basin 

495 

24.6 

77, 

,000 

2.0 

Union  River  Basin 

496 

46.8 

199, 

,000 

7.7 

Other  Coastal  River 

Basins 

1,559 
2,550 

81.4 
153. 

206, 

,000 

2.5 

Estimated  Total 

472, 

,000 

3.5 

Fenohscot  River 
East  Branch 

Allagash  Lake  .  96 

Chamberlain  and  Telos  Lakes  270 

Webster  Lake  274 

Second  and  Grand  Lakes  470 

Est.  Total-Grand  Lake  Outlet  470 

Estimated  TotalT-East  Branch  1,180 

West  Branch 


7.0 

30,300 

21.3 

131,500 

.9 

5,800 

5.6 

44,900 

36. 

213,500 

233,000 


Canada  Falls 

460 

— 

22,900 

Seboomook  Lal:e 

530 

8.5 

77,800 

Caucomgomoc  Lake 

171 

7,0 

31,100 

Chesuncook  Lake 

1,410 

43.0 

688,000 

North  Twin  System 

1,630 

24.9 

378.000 

Millinocket  Lake 

106 

13.9 

56,000 

Estimated  Total-West 

Branch 

2,120 

90. 

1,280,000 

Mattawamkeag  River  Basin 

1,500 
1,500 

22. 

28. 

89,000 

Piscataquis  River  Bas 

sin 

217,000 

Passadiomkeag  River  Basin 

383 

16. 

115,000 

Estimated  Total  (Penobscot  Basin)8,937 


8.5 
3.7 


3.5 
3.4 

11.9 

9.9 

11.3 

1.1 

2.7 

5.6 

4.1 
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Drainage 

Water 

Storage 

storage 

Area , , 

Surface 

capacity 

Equivalent 

Sq.    Mi.    • 

Sq.    Mi. 

Acre-feet 

Inches   of  Runof 

Kennebec  River 

Wood  and  Attean  Ponds, 

320 

7.8 

8,000 

Brass-oa  Lfike 

■   708        ■ 

'I5.I 

206,000 

Roach  River  Basin 

117 

8.0 

29,000 

Mo  OS  ahead  Lal-e 

I.2U0 

117.0 

5^2,000 

11.9 

Moxie  Pond 

go 

■3- 

16,100 

3.8 

Pierce  Pond 

IS 

2.3 

14,300 

14.7 

Wyman  LaJce 

2,710 

U.g 

199,000 

7.C 

Sebasticook  River  Basin 

975 

13.0 

119,000 

2.3 

Messalonskee  River  Basin 

205 

18.0 

96,000 

8.S 

Cofbossecontec     River  Basin 

221 

lU.O 

46,000 

3-9 

Estimated  Total 

■.6.190 

~ 

1,250,000 

4.1 

Androscoggin  River 

Kennesaf'.c   i-ake 

112 

2.7 

17,600 

2.9 

Ran;-.;c;lf;:/   ',ak3 

90 

9.3  . 

24,300 

MooE  c-i.-'.'''-CJieg'antic  Lake 

U05 

2b. 0 

194,000 

Ricir'/Cson  Lake 

509 

13.1 

134,000 

.13.6 

Sawyox    lake 

233 

II+.6 

220,400 

17.7 

UmbR.f,Of;  Lake 

1,095 

15.0 

71,800 

Estiriated  Total   at  Errol   Dam 

.1.095 

82. 

675,000 

11.6 

EstiiD-uted  Total-Aiidroscoggin  R. 

J. 510 

7- 

739.000 

4.0 

PrsE-ompscot  Hiver 

Son.-^o  Hiv'^r  Basin 

24U 

16.3 

76,500 

Sebago  La2:e 

.  U36 

52.1 

252,000 

14.1 

Estimated  Total 


727 


360,000 


Saco  River 
Com^ay  Lake 
Mo^se  Pond 
Ossipee  Lake 
Pine  River  Pond 


— 

2.0 

13,100 

2S 

— 

16,300 

327 

6.1 

19,900 

1^ 

.9 

9,600 

1.1 


Estimated  Total 


1,730 


85,000 


Piscatagua  River 

Or eat  East  Pond 

30 

2.6 

20,600 

Three  x'onds   (Milton) 

112 

1.3 

q,300 

5.0 

Bow  Lake 

.         13 

1.8 

,11,500 

16.5 

Pawtuckaway  Pond 

21 

'1.4 

10,800 

9.7 

Estimated  Total 


1,030 


65,000 


1.2 


Few  Har.pshire  Coastal  Basj 


Estimated  Total 


750 


* Total  in  Maine  only 

I'lOTE:  '  Storage  equivalent,  in  inches  of  runoff, 
storage  above  point  in  question. 


9,580^ 


is  computed  on  a  basis  of  all 


1U3 


MEREIMACK  BASIN 


lUU 


a  -  Pemigewasset  River 
t  -  Winnipesaukee  River 
c  -  Contoocook  River 
d  -  Piscataquog  River 
e  -  Souhegan  River 
f  -  Suncook  River 

Nashua  River 
h  -  Concord  River 


JV  T.O.i-iaur/^ 


MERRIMACK  BASIN 


C-El^RAL  DESC5IPTI0IT 

The  Merrimack  3asin,  the  fifth  largi^st  in  Ne-7  England  and,  as  an  inter- 
state hasin,  surpassed  in  size  by  the  Connecticut  only,  comprises  an 
area  of  5000  square  miles,  1200  of  which  are  in  Massachusetts  and  3800 
in  New  Hampshire.   The  length  of  the  hasin  at  the  longest  point  is  150 
miles,  while  the  width  is  ahout  50  miles.   T)-;e  river  has  its  headwaters 
in  thp  "^Thite  Mountains  in  the  State  of  New  Hampshire  and  flows  souther- 
ly through  the  central  part  of  that  state  to  a  point  in  Massachusetts 
just  helow  the  state  line,  where  it  turns  abniptly  to  the  east  and 
flows  generally  northeast,  approximately  parallel  to.  the  state  boundary 
and  about  four  miles  south  of  it  for  a  distance  of  about  45  miles  to 
Kewburyport,  where  it  enters  the  Atlantic  Ocean,   The  total  length  of 
the-  main  stream  is  110  miles,  of  which  the  last  22  miles  are  tidal. 

The  headwaters  region  of  the  river  ha.s  a  nigged  topogrnphy  characterized 
by  narrow  valleys  and  steep  slopes  rising  to  peaks  from  3000  to  5000 
feet  in  altitude.   In  the  eiist  central  and  southeastern  portions,  the 
topography  becomes  hilly,  and  rolling  country  is  general.   In  the 
western  part  of  the  watershed  the  topography  is  irregular,  with  roll- 
ing hills  of  1000  to  1200  feet  in  height.   Tjie  watershed  line  is  well 
defined  except  in  the  coastal  lowland  section,  where  the  divide  some- 
times becomes  indefinite. 

The  rock  structure  is  almost  entirely  granite  or  gneiss  covered  with 
glacial  sand  and  gravel .  Large  dnimlins  are  common  in  the  southern 
part  of  the  basin.   Deposits  of  a  fairly  rich  sandy  loam  characterize 
the  Massachusetts  section  of  the  valley. 

Twenty  per  cent  of  the  basin  area  is  in  cleared  farmland,  almost  all 
of  which  is  found  in  the  bottom  lands  in  New  Hampshire  or  scattered 
through  the  rolling  lands  in  Mascachusetts.   There  is  practically  no 
virgin  timber  in  the  basin,  but  the  upper  mountainous  portion  in  the 
western  and  northern  part  contains  areas  which  are  forested  with  good 
second  and  third  growth  of  spruce  and  northern  hardwoods.   Although 
formerly  the  cover  was  white  pine  and  spruce,  m^'ch  of  the  woodland  now 
standing  is  mixed  hardwood,  with  scattered  stands  of  coniferous  trees. 
About  183  square  miles,  or  3.7^  of  the  total  area,  is  water  surface. 
More  than  half  of  this  area  is  concentrated  in  four  lakes  located  in 
the  headwaters  region. 

The  annual  precipitation  in  the  basin  F-verages  abotit  42  inches,  varying 
from  37  to  44  inches,  with  some-vhat  higher  amounts  in  the  mountains. 
The  monthly  rainfall  is  fairly  uniform  in  all  parts  of  the  basin,  al- 
though records  at  the  northern  stations  show  a  tendency  toward  heavier 
precipitation  in  the  sVimmer  and  autumn.   The  average  seasonal  rainfall 
is  shown  by  the  records  to  be  9.9  inches  in  the  winter;  10.2  inches  in 
the  spring;  11.2  inches  in  the  sumiiser;  and  10,7  inches  in  the  autiomn. 
Temperatures  vary  considerably  in  the  northern  inland  portions  of  the 
basin  and  the  southern  coastal  portions,  the  winter  averages;  ranging 
from  160  to  26°  and  the  summer  ones  from  62'?  to  63°. 


Discharge  records  are  obtained  by  theU.  S.  aeological  Survey  in  cooperation 
with  the  states  at  numerous  gaging  stations  located  on  the  main  river  and  its 
tributaries.   Detailed  data  for  these  stations  can  he  found  in  the  Water  Sup- 
ply paoers  of  the  U.  S.  Geological  Survey.   Tlrie  fibres  in  Table  III  are  sum- 
marized from  the  Survey's  various  Water  Supply  papers  covering  Part  I,  North 
Atlantic  Slope  Drainage  Basins,  and  from  unpublished  records  for  I936  in  the 
office  of  the  District  Engineer  at  Boston. 

Hydrogpaphs  showing  .the  monthly  average  runoff  during  the  last  I5  years  of 
record  are  shown  on  Ch:j.rt  5  for  Lowell,  Massachusetts;  Franklin  Junction  and 
Plymouth,  New  Hampshire.   The  1922  record  for,  Lowell  is  a  modified  Lawrence 
record  for  that  year,  as  the  Lowell  station  was  not  put  into  operation  until 
1923.   The  mean  annual  discharge  at  these  three  stations,  expressed  in  cubic 
feet  per  second  per  square  mile  is:   Lowell,  I.5O  (drainage  area,  't-lkzk   sq.mi.); 
Franklin  Junction,  1.81  (drainage  area,  I510  sq.mi.);  and  Pljonouth,  2.18 
(drainage  area,  622  sq.mi.). 

Main  River  and  Tributaries 

The  main  river  is  formed  at  Franklin,  Kew  Hampshire  by  the  confluence  of  the 
Pemigewasset  andWinnipesaukee  rivers.   In  addition  to  these  rivers  the 
principal  tributaries  are  the  Contoocook,  Suncook,  Piscataquog,  Souhegan, 
Nashua  and  Concord  rivers.   Of  these  the  Concord  Hiver  drains  an  area  lying 
wholly  in  Massachusetts;  while  the  Nashua  River  drains  a  large  area  in  central 
and  northern  Massachusetts  and,  flowing  into  New  Hampshire,  discharges  into 
the  main  river  in  tliat  state  about  five  miles  above  the  Massacnusetts  boundary. 
The  drainage  areas  of  the  principal  tributaries  are  given  in  the  following 
table: 

TRIBUTARY 

PemigeYirasset 

Winnipesaulcee. 

Contoocook 

Piscataquog 

Souhegan 

SuJicook 

Nashua 

Concord 

The  Peraigewasset  Riv<:r  rises  in  Echo  Lake  in  Franconir:,  Notch  at  an  elevation 
of  about  2000  feet  and  flows  in  a  southerly  direction  about  70  miles  to 
Franklin,  where  it  joins  the  Y/innipesaukee  River  to  form  the  Merrimack.   Its 
drainage  area  of  IO85  square  miles  contains  the  most  ragged  and  least  de- 
veloped part  of  the  Merrimack  Basin.   The  two  largest  Lakes  in  the  Pemigewasset 
basin  are  Squam  and  Nevi^found  Lakes,  controlling  together  I50  square  miles  of 
drainage  area. 

The  Winnipesaukee  River  has  its  soui-ce  at  the  outlet  of  Lake  Winni- 
pesaukee  and  flof/s  for  ten  miles  through  a  series  of  enlargements 
knovm  as  Lake  Paugus,  Lake  Opechee,  Lake  Winnisquam,  Lov^er  Winnisquam 
and  Silver  Lake  to  its  junction  with  the  Pemigewasset  at  Franklin. 
The  aggregate  v/ater  surface  of  these  six  lakes  is  about  85  square 
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miles,  to  which  total  L:'ke  TTinnipesaukpp  contributes  72  square  miles. 
Leake  ?innipF;:f;nkFe  controls  a  drainage  area  of  ?60  square  miles,  v:hich 
is  about  834  of  the  draina^^e  area  of  the  Winnipesauk'='e  Piver. 

The  Contoocook  Eiver  drainage  area  is,  with  the  e-cceiDtion  of  the  Pemi- 
gewasset,  the  largest  tributary  area  of  the  Merrimack.   The  river  rises 
a  fe-.-/  miles  north  of  the  Massachusetts  line  and  flows  north  and  north- 
east about  55  miles  to  Ponacook  where  it  joins  the  Merrimack.   The  most 
rugged  section  of  its  drainage  area  of  765  square  m.iles,  comiposed  of 
rolling  country  viith  scattered  mountains  and  many  small  lakes,  is  in 
the  north.   This  portion  is  drained  by  the  Blackwater  Riv^r,  an  important 
tributary  of  the  Contoocook. 

The  Suncook  Eiver  rises  in  S^^ncook  ponds  a  fe:?  miles  south  of  Lake 
Winnipesaukee  and  flows  soiatheast  about  thirty  miles  to  the  Merrimack 
River  at  Suncook,  five  miles  below  Concord.   The  basin  comprises  an 
area  of  252  square  miles  of  rolling  country  which  is  predominantly 
agricultural. 

The  Piscataquog  Eiver  drains  an  area  of  about  215  square  miles  in 
northern  Hillsborough  County.   The  north  and  south  branches,  each 
about  15  miles  long,  unite  near  Goffstown,  9  miles  west  of  Manchester, 
7/here  the  Pisca,taquog  .joins  the  Merrimack. 

The  Souhegan  River  rises  a  short  distance  south  of  the  state  boundary 
line  in  Northwestern  Middlesex  County,  Massachusetts,  and  flows  north- 
easterlv  and  easterly  a  distance  of  30  miles  to  its  confluence  with  the 
Merrimack  River  at  M^-rrimack,  about  half  way  between  Manchester  and 
Nashua.   Its  drainage  area  of  P25   square  miles  (of  which  5  are  in 
Massachusetts)  has  an  irregiilar  topogranhy  and  is  an  agricultural  and 
wooded  country.   Included  in  the  basins  of  the  Souhegan  and  the  Nashua 
Rivers  is  the  'x^ashoba  Jrait  Belt,  best  known  ap-ole  and  peach  region  in 
New  England.   The  Nashua  Eiver  basin  has  an  area  of  516  square  miles, 
of  which  ovpr  30%   is  in  Massachusetts.   The  north  and  south  branches 
unite  near  Clinton  to  form  the  main  river,  which  flows  northerly 
across  the  state  line  and  then  northeast  to  its  junction  '7ith  the 
Merrimack  at  Nashua,  a  total  distance  of  65  miler;.   The  waters  of  the 
South  Branch  are  impounded  in  TYachusett  Reservoir,  the  principal  source 
of  Metropolitan  Boston  water  supply.   Thie  north  branch  ris-es  in  the 
irregular  hills  of  northern  'Yorcest'=r  County  and  flows  southeast  through 
the  industrial  and  agricultural  region  to  join  tY<=-   south  branch  five 
miles  b(=low  Tachusett  Beservoir. 

The  Concord  Eiv^r,  the  only  important  tributary  of  the  Merrimack  which 
is  entirely  in  Massachusetts,  drains  a  predominantly  suburban  manufr.ctijr- 
ing  and  farming  area  of  about  300  square  miles.   Formed  in  east  central 
Massachusetts  by  the  junction  of  the  Assabet  and  Sudbury  rivers,  it 
flows  northeast  about  15  miles  into  the  MerrimacV  River  at  Lowell. 
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HUMAN  OCCUPAMCY 


Population     Of  the  total  'basin  poptdation  ofSli^CG  (as  of  I93O)  there 
are  ahout  256,000  in  Hew  Hampshire  and  555,000  iu  Massachusetts;  over  three- 
quarters  of  tne  total  population  is  fo'iond  in  the  .southern  industrialized 
portion  of  the  basin,  where  the  average  density  is  over  UOO  per  square 
mile  in  contrast  to  about  '{0   per  square  mil.e  in  the  northern  area. 

The  population  is  nine-tenths  urbaji.   Cities,  and  tov/ns  of  10,000  or  over, 
according  to  the  193'-*  census,  are  as  follov^s: 

Name 


Lowell,  Mass. 
Lawrence,  Mass. 
Mancnester,  N.  H. 
Haverhill,  Mass. 
Fitchburg,  Mass. 
Nashua,  11.   H. 
Concord,  N.  H. 
Framingham,  Mass. 


Population 

Name 

Population 

100 , 23U 

Leominster,    Ifess. 

21,810 

85,06s 

Methuen,    Mass. 

21,069 

76, S3^ 

Iferlboro,    Mass. 

15.527 

lis,  710 

Newburyp or  t ,    Mas  s . 

15,08U 

i+0,692 

Clinton,    Mass. 

12,817 

31.U63 

Laconia,    N.    H. 

12,1+71 

25,22s 

Natick,    Mass. 

13.589 

22,210 

Amesbury.,    Mass. 

ii.sg? 

On  Map  7  are  shovm  cities  end  to;vns  that  gained  or  lost  population  between 
1920  and  1930-   Most  of  those  that  gained  lie  in  the  southern  end  of  the 
basin.   The  largest  industrial  cities  in  this  section,  hovirever,  showed 
losses  in  that  period,  due  principally  to  the  decline  in  the  textile  indus- 
try.  In  this  group  are  Lowell,  Lawrence,  Haverhill,  and  Fitchburg,  in 
Massachusetts,  and  Manchester  in  Nev;  H.'impshire.   By  1935  Fitchburg  regained 
its  1920  population,  Haverhill  and  Lawrence  gained  over  193^  ^^^   Lowell 
showed  no  further  loss.   Mijjichester  suffered  through  the  inactivity  and 
final  failure,  in  I936,  of  the  Amoskeag  Mfg.  Co. ^- its  principal  industry. 
The  mill  buildings  have  since  been  taken  over  by  a  local  corporation,  and 
about  half  the  space  has  been  leased  to  various . industrial  enterprises. 
Nashua  and  Concord  in  Nev/  Hampshire,  Framingham  and  Leominster  in  Massa- 
chusetts, and  other  smaller  industrial  centers  not  entirely  dependent  on 
textile  manufacti-iring  saowed  growth  betvreen  1920  and  1?30. 

The  Merrimack  basin  gained  between  I92O  and  1930  about  Ul.OOO  in  popiola- 
tion,  or  5* 3^*   ^^  ^^-^   rauu-  period  there  was  a  ^,fo  gain  in  New  Hampshire 
as  a  whole,  and  10.4^  in  Massachusetts  as  a  whole.   In  spite  of  losses  in 
the  large  cities  in  the  Massachusetts  section,  this  region  of  the  basin 
accounted  for  most  of  the  growth.  Past  trends  indicate  that  urban  centers 
rill  gain,  and  that  ia  the  larger  ones  the  growth  will  occur  in  the  peri- 
pheral areas.  On  the  basis  of  an  estimated  population  increase  of  about 
7^0  by  i960  in  the  state  of  New  Hfirapshire,  and  of  about  10%  in  Massachusetts, 
only  moderate  gains  in  the  population  of  the  basin  are  anticipated.  Urban 
gains  will  be  reflected  in  losses  in  the  thinly-settled  r^oral  regions. 


Agriculture     The  principal  agricultural  activities  are  dairying,  poultry 
raisin'^;;,  fruit  growing,  aiid  small-scale  general  farming.   Near  the  manu- 
facturing ccmraunities  part-tine  faming  is  widely  practiced.   The  most 
productive  farm  area  is  in  the  southern  part  of  the  basin,  vAere  the  value 
per  acre  is  the  highest  for  farm  land  anywhere  in  -Massachusetts. 
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In  the  northern  section  values  are  lower  and,  except  in  the  river  valleys, 
land  is  of  such  inferior  quality  that  farming  is  unprofitable.   The  rural 
communities  lost  heavily  in  population  between  I9OO  and  1930  due  to  the  at- 
traction of  industrial  opportunities  in  the  larger  cities. 

Except  in  the  specialized  fruit-growing  belt  and  garden  truck  areas  in  the 
southern  section,  the  possibilities  for  r-oral  development  in  the  basin  are 
apparently  in  the  field  of  supplying  the  needs  of  visitors  seeking  recreation 
in  the  northern  areas.   Any  increase  in  farming  will  probnbly  be  on  the  out- 
skirts of  manufacturing  centers  and  in  the  form  of  specialty  and  part-time 
farming.   Many  rural  coramujiities  remote  from  industrial  centers  will  very 
likely  continue  to  lose  population.   There  is  a  definite  need  for  investigation 
to  determine  the  desirability  of  applying  both  the  preventive  measTores  of 
rural  zoning  ordinances  and  the  constructive  effects  of  a  rural  land-use 
program  if  these  towns  are  not  to  become  acute  problem  areas.  A  rural  land 
use  zoning  enabling  bill  was  introduced  into  the  New  Hampshire  legislature  at 
its  current  session^  was  passed  by  the  Senate,  but  was  lost  in  the  House. 

Industry     The  southern  part  of  this  region,  one  of  the  oldest  and  most 
highly  developed  industrial  sections  of  New  England,  contains  along  the  Merri- 
mack River  and  its  tributaries  important  manufacturing  cities  -  Manchester, 
Nashua,  Lowell,  Lawrence,  and  Haverhill.   In  addition  there  are  many  smaller 
manufactTiring  cities  and  towns  thro-jghout  the  basin,  especially  in  its  lov/er 
peirt.   The  principal  industry  in  Lowell  emd  Lawrence  is  textile  manufactui-ing, 
and  until  recently  this  was  true  of  Manchester,  New  Hampshire,  which  contained 
the  Amoskeag  Company,  the  world's  largest  textile  plant.   Shoes,  paper  and 
many  other  products  are  manufactured  throughout  the  lower  half  of  the  basin. 

The  decline  of  manufacturing  in  this  region  during  the  depression  resulted 
largely  from  the  loss  of  textile  business.   This  decrease,  which  began  some 
years  earlier,  has  continued  to  date.   The  outstanding  example  is  that  of  the 
Amoskeag  Mfg.,  Co.  in  Manchester,  which  closed  permanently  in  I936,  thus 
throwing  about  gOOO  people  out  of  work.   State  and  commercial  industrial 
organizations,  however,  in  both  New  Hampshire  and  Massachusetts  are  studying 
the  problem  of  reviving  their  present  industries  and  establishing  new  ones, 
ajid  substantial  progress  is  being  made  toward  recovery.   One  of  the  objects 
is  to  broaden  the  field  of  manufacturing,  which  has  comprised  principally 
textiles,  pulp  and  paper  and  leather  products,  by  introducing  diversified 
lines  in  order  to  establish  more  stable  industrial  conditions.   On  the  whole, 
there  are  indications  of  a  slow  but  definite  industrial  recovery. 

Mining     With  the  exception  of  a  few  stone  quarries  there  are  no  important 
mining  activities  in  this  watershed. 

Lumbering     Lumbering  operations  are  on  a  comparatively  small  scale  and 
their  special  economic  importance  lies  in  the  revenue  derived  from  woodlot 
cuttings.   There  is  also  a  moderate  sjaount  of  timber  cut  under  supervision 
in  federal  and  state  reserves  in  the  northern  end  of  the  basin. 

There  are  two  possible  developments  in  prospect  for  this  region.   The  first  is 
through  improved  methods  of  utilizing  public  forest  lands  and  in  the  management 
of  private  woodlots;  the  second  is  through  the  dedication  to  scientific  sil- 
viculture of  abandoned  farm  lajid  and  land  unsuited  to  agriculture.  A  land-use 
program  and  rural  zoning  enabling  legislation  will  be  necessary  to  achieve  the 
second  development. 


Eecreation     Recreation  is  an  important  industry  in  the  northern  section. 
The  lakes  of  this  region,  notably  Winnipesaukee,  attract  thousands  of  sum- 
mer visitors,  many  of  whom  are  prrmanent  summer  residents.  Winter  sports 
bring  another  seasonal  .infl-iox  of  outsiders.   As  a  source  of  income,  the 
recreation  industry  is  of  great  economic  importance  to  those  of  the  year- 
round  inhabitants  left  stranded  by  the  agricultural  and  industrial  decline 
in  various  sections  of  this  regi'^n. 

Transportation     Tidewater  extends  to  two  miles  above  Haverhill,  which 
is  about  tvi^enty  miles  up  the  Merrimack  Eiver'  from  the  ocean.  A  seven- foot 
channel  provides  for  water  transportation  to  that  city.   Coal  and  petroleum 
are  the  principal  items  of  a  traffic  that  is  of  only  moderate  volume. 

A  network  of  good  highways  covers  the  entire  basin  except  in  certain  mount- 
ainous portions  near  the  Pemigewasset  headwaters.   However,  many  of  the  major 
highways  are  no  longer  adequate  to  meet  traffic  requirements.   The  State 
Planning  Boards  of  New  Hampshire  and  Massachusetts  and  the  New  England 
Regional  Planning  Commission  have  recommended  constnaction  of  modern  arteries 
across  the  southern  part  of  the  basin  between  Boston  and  Gardner;  between 
Worcester,  :'r'.GEnchur;etto  f^n.'^  DovcT,  New  Hampshire;  from  Boston  to  White  Hivcr 
Junction  by  way  of  Manchester  and  Concord;  and  along  the  Merrimack  Valley 
from  the  Massachusetts  -  New  Hampshire  state  line  to  the  White  Mountain 
National  Forest. 

Due  to  the  density  of  ponulation  in  this  area,  the  Merrimack  River  basin  is 
covered  with  a  network  of  railroad  lines.   Many  of  the  minor  branches  are 
now  abandoned,  and  present  trends  indicate  the  discontinuance  of  service  on 
many  mct-e  and  the  substit\ition  of  bus  lines.   Of  the  through  routes  in  this 
basin  the  following  may  be  considered  the  most  important:   Fitchburg  divi- 
sion from  Boston  to  the  west;  Concord  division  from  Boston  to  northern  New 
Hampshire,  Vermont  and  Canada;  Portland  division  from  Boston  through  Lawrence 
to  Portland  and  the  Maritime  Provinces;  New  York-to-Maine  line  through 
Worcester,  Lowell  and  Lawrence. 

The  Merrimack  basin  is  cro:;sed  by  the  airway  from.  Boston  to  Burlington, 
Vermont  and  uontreal,  with  scheduled  service  and  stops  :.t  Manchester  an"d 
Coicord,  ?»■.'  Hampshire.   Other  through  routes  which  will  serve-  recreational 
areas  in  Nevi?  Hampshire  are  under  consideration.  Airways  from  Concord  to 
northern  points  are  also  being  studied.   There  has  been  considerable  activ- 
ity in  the  use  of  seaplanes,  centering  at  Lake  Winnipesaukee. 

While  the  basin  is,  in  general,  well  suTJplied  with  landing  fields,  there 
are  a  few  areas  where  additional  facilities  would  be  desirable,  and  im- 
provement of  many  of  the  existing  fields  is  needed. 
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Pollution     One  of  the  most  serious  pollution  problems  in  Hew  England  is 
found  in  the  Merrimack  River  basin,  particularly  along  the  main  stem  in 
Massachusetts.   The  untreated  sewage  and  large  volumes  of  industrial  wastes 
from  the  cities  of  Lowell,  Lawrence  and  Haverhill  and  a  number  of  smaller 
cities  and  towns  in  Massachusetts  produce  conditions  in  the  river  which  are 
highly  objectionable.   The  worst  sanitary  conditions  are  found  in  the  vicinity 
of  Haverhill,  where  the  combined  effects  of  sewage  and  foul  industrial  wastes 
brourjht  dov/n  from  the  upstream  cities  result  in  a  critical  situation  which  at 
times  becomes  so  serious  as  to  be  termed  a  gross  nuisance. 

The  main  river  and  its  tributaries  receive  untreated  sewage  from  k2   communities 
through  organized  sewer  systems  discharging  directly  into  the  streams.   Thirty 
of  these  systems  are  in  Hew  Hampshire  and  12  in  Massachusetts.   Of  those  com- 
munities which  have  systems  provided  with  treatment  works,  ten  are  in  Massa- 
chusetts, and  one  in  New  Hampshire  (New  London).   Two  of  the  Massachusetts  com- 
munities are  on  the  Nashua  River  and  3  are  in  the  Concord  River  area.   There 
will  shortly  be  a  third  on  the  Nashua  River  when  the  plant  at  LeOminster  is 
completed. 

The  daily  discharge  from  the  New  Hampshire  systems  amounts  to  approximately 
10,725,000  gallons.  Of  this  amount,  Manchester,  Concord  and  Nashua  contribute 
over  three-quarters,  the  figures  being  respectively,  3,700,000,  2,200,000  and 
1,750,000  gallons  per  day.   31,850,000  gallons  per  day  are  discharged  into  the 
river  or  its  tributaries  by  Massachusetts  systems,  20,200,000  gallons  of  which 
are  untreated  and  11,650,000  gallons  treated.  Lowell,  Lawrence  and  Haverhill 
contribute  untreated  sev/age  at  the  rates  of  5,520,000,  5,850,000  and  3,gJ40,000 
gallons  per  day,  respectively.   The  estimated  total  daily  discharge  of  sewage 
and  industrial  waste  from  all  the  cities  and  towns  in  Massachusetts  bordering 
the  main  stem  amounts  to  62,000,000  gallons. 

Starting  with  thu  Pemigewasset  and  Winnipesaukee  Rivers,  most  of  the  tributaries 
of  the  Merrimack  River  receive  pollution  in  some  form.   The  tributaries  of 
the  Pemigewasset  entering  above  North  Woodstock  are  free  from  pollution,  but 
a  short  distance  above  North  Woodstock  considerable  pollution  is  received  in 
the  Pemigewasset  itself  through  the  discharges  of  pulp  waste  at  Lincoln. 
Evidence  of  this  discharge  is  noticeable  along  the  edges  of  the  stream  as  far 
as  the  intake  of  the  Franklin  Water  Works,  more  than  fifty  miles  below  the 
point  of  discha.rge.   This  protracted  extent  of  polluted  conditions  is  due  to 
the  slow  decomposition  and  elimination  of  pulp  mill  wastes  v/hich  make  the  puri- 
fication of  the  water  more  difficult  than  do  most  types  of  industrial  and 
domestic  VTastes. 

The  appreciable  degree  of  pollution  along  the  river's  coiorse  is  of  significance 
since  the  increase  in  recreational  use  of  the  stream  is  ■ondoubtedlj''  retarded 
by  this  pollution. 

From  its  source  in  Lokc   Winnipesaul-cee,  the  Winnipesa^okee  River  flows  through 
five  lakes   to  the  point  of  confluence  with  the  Pemigewasset.   Along  its  course, 
it  receives  sewage  from  the  city  of  Laconia  and  from- the  villages  of  Tilton  and 
Franklin  Falls.  Lake  Winnisquam,  serving  as  a  detention  basin,  has  a  mitigat- 
ing effect  on  the  sewage  from  Laconia,  because  such  a  large  body  of  water  pro- 
vides an  unusual  degree  of  self-purification  of  the  stream.  Although  comparable 
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analyses  of  the  Peraigewasset  and  Winnipesaukee  Rivers  show  the  Winnipesatikee 
to  he  the  less  polluted,  nevertheless  the  need  exists  to  render  the  i^finni- 
pesauicee  River  distinctly  better  than  it  is. 

The  Contoocook  River,  entering  the  ivierrimack  at  Penacook,  carries  the  diluted 
sewage  from  eii?iit  communities.   This  sewage  and  the  industrial  wastes  from 
various  laanufact-'orins  plants  cause  pollution  which  makes  the  river  ijnsatis- 
factory  for  recreational  use  inasmuch  as  the  river  water  is  rendered  unsafe 
for  "bathing  and  noxious  to  fish  life.   There  may  "be  too  many  obstacles  to 
make  practical  any  attempt  to  restore  this  stream  to  a  condition  suitable  for 
recreation,  but  serious  attention  might  well  be  given  to  prevention  of  over- 
loading the  stream  vri.th  pollution  to  the  extent  that  a  nuisance  is  created. 
Such  a  conservative  attitude  concerning  the  problem  of  pollution  abatement  is 
undoubtedl?/  tn...  most  practical  and  reasonable  one  to  take  on  streams  which 
from  long  usage  may  be  characterized  as  industrial,  or  v/hich  drain  the  more 
populous  sections  of  the  area. 

Several  instances  occur  v;here  lake  waters  are  polluted.   Squzim  Lake  receives 
no  sewage  directly,  but  with  over  200  cottages  around  its  shores  a  potential 
condition  of  pollution  exists.   Lake  llTinnipcsa-ukee  is  the  depository  of  sewage 
from  the  Wolfeboro  system  and  also  receives  a  considerable  amount  of  sewage 
and  untreated  effluent  thro'-jgh  the  storm  drains  in  the  town  of  Meredith.   The 
resulting  pollution  of  the  lake  water  is  a  menace  to  the  several  communities 
bordering  on  tlie  lake  as  well  as  to  nvmerous  tourist  places  and  juvenile  camps 
where  the  l,nke  water  is  used  for  drinking  purposes."  Both  situations  are  suffi- 
ciently urgent  to  require  remedial  measures.   Upper  Uinnisquan  Lake  is  practic- 
ally ruined  for  recreational  use  by  the  discharge  of  Laconia  sewage.   This 
discharge  is  also  detriment.al  to  the  recreational  uses  of  the  downstream  lakes. 

New  Hampshire,  being  so  largely  a  recreational  state,  might  Justifiably  tiorn 
its  attention  to  the  removal  of  all  material  pollution  from  its  lakes  rjid 
ponds  as  its  first  objective  in  a  program  for  pollution  abatement. 

F.iile  the  sanitary  conditions  of  the  Merrimack  River  in  Massachusetts  are  not 
seriously  affected  b,y  the  absence  of  treatment  at  the  three  Hew  Hampshire 
cities,  Concord,  Manchester  and  Nashua,  investigations  to  determine  the  effect 
of  the  discharge  of  sewage  and  waste  at  these  places  might  well  be  ^undertaken 
within  the  next  few  years  and  plans  developed  for  the  abatement  of  objection'^ 
able  insanitary  conditions.   The  immediate  problem,  however,  is  the  improvement 
of  the  lower  river  in  Mass^-chusetts,  and  the  New  Harapshire' cities  cannot  be 
expected  to  construct  treatment  works,  except  for  their  o\m   protection,  until 
there  is  assurance  that  the  objectionable  conditions  in  Massachusetts  will  be 
rectified. 

In  the  Nashua  River,  draining  a  large  area  in  central  and  northern 
Massachusetts,  the  niiisances  of  pollution  are  becoming  more  acute  each 
year  due  to  the  increasing  amounts  of  industrial  vvastes  entering  the 
river  at  Fitchburg.   These  wastes,  together  with  sewage  from  Leominster, 
have  been  noticeable  in  the  North  Branch  of  the  river  doiivn  to  its 
mouth,  while  the  South  Branch  is  polluted  belov/  Clinton.   At 
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Groton  the  main  stream  in  -onsatisfactory  for  recreational  uses  largely  be- 
cause of  the  polluted  discharge  from  the  North  Branch. 

The  situation  at  Leominster  will  soon  be  corrected  by  the  constinction  of  a 
sewai^e  treatment  plant  which  will  he   completed  in  193S.  'Ihe  removal  of  the 
Leominster  sewage  makes  it  desirable  that  any  foiil  industrial  wastes  from  the 
North  Branch  be  removed  also;  studies  are  needed  to  determine  if  such  removal 
is  economically  feasible. 

A  recent  sanitary  survey  of  the  river  has  shown  fully  the  pollution  of  the 
Ilashus.  Hiver  by  both  domestic  and  industrial  wastes,  the  latter  being  partic- 
ularly ht.a-'/y  at  Fitchbnrg-.   Iltie  data  already  collected  indicate  that  further 
studies  should  be  undertaken  in  the  near  future  by  the  state  heaith  author- 
ities, .-.cting  under  appropriate  legislation,  for  the  purpose  of  developing 
a  consti'uctive  progr??jn  for  the  improvement  of  this  river.   Steps  to  encourage 
industrial  and  recrc-n,tional  improvements  in  this  valley  should  be  taken  at  an 
early  ^ate. 

Notwithstanding  the  pollution,  both  domestic  and  industrial,  received  from 
the  sevt,ral  cities  and  tov/ns  along  the  main  river  atid  its  tributaries,  the 
river,  as  it  crosses  the  state  boundary  into  Massachusetts,  is  not,  except 
for  water  supply  uses,  objt^cti enable  from  a  sanitary  point  of  view  at  present. 

The  pollution  resulting  from  the  discharge  of  sevragt  and  industrial  wastes 
at  Lowell  and  the  surroujiding  towns  is  not  greatly  in  evidence  during  the 
periods  of  high  flo\7,  but  in  dry  weather  flow  it  is  objectionable  along  the 
banks  and  bed  of  the  river.   Between  Lowell  aiid  Lawrence,  the  river  flows 
through  the  long  mill-pond  formed  by  the  dam  at  Lawrence  and,  in  this 
stretch,  there  is  a  decrease  in  the  quantity  of  dissolved  oxygen  present; 
also  the  quantity  of  solids  and  organic  matter  in  the  river  is  reduced. 

At  Lawrence  and  its  neighboring  tov.T^s  of  Methuen,  Andover  and  North  Andover 
the  sewage  discharged  intj  the  river  contains  sufficient  objectionable  matter 
to  cause  serious  pollution  in  the  stream.  At  Haverhill  the  dissolved  oxygen 
decreases  to  an  alarming  extent  and  here  additional  domestic  sewage  and  in- 
dustrial wastes  enter  an  already  polluted  stream. 

Tidewater  extends  up  the  river  to  a  point  about  two  and  a  ho.lf  miles  above 
Haverhill  Bridge  and,  in  this  reacn  of  the  river,  on  the  flood  tide,  water 
flows  upstream  past  the  city  of  Haverhill  some  two  miles  above  Haverhill 
Bridge,  bringing  with  it  some  of  the  sewage  discharged  at  Haverhill  to  meet 
that  flowing  from  Lawrence,  while  on  the  ebb  flow,  the,  polluted  waters  are 
not  carried  far  enough  dovmstream  to  prevent  their  return  on  the  following 
flood  tide.   Consequently  the  sewage  and  wastes  tend  to  concentrate  in  the 
neighborhood  of  Haverhill  and  for  several  miles  dOYmstream.   The  presence 
on  the  bed  and  banks  of  the  stream  of  deposits  of  foiol  organic  matter  causes 
offensive  odors  to  rise  from  the  waters,  especially  in  warn  weather,  when 
a  considerable  portion  of  the  bed  of  the  river  is  exposed  at  low  tide.   The 
polluted  condition  at  this  point  is  also  manifest  by  the  floating  masses  of 
sludge  carried  to  the  surface  of  the  river  by  the  gasses  of  decomposition. 
Hence  pleasure  boats  in  this  part  of  the  river  are  badly  fouled  by  the  water. 
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At  the  lower  end  of  the  Ivliddle  Ground,  a  broad  stretch  about  nine 
miles  below  Haverhill,  conditions  improve  considerably,  due  to  the  ad- 
ditional dilution  provided  by  the  sea  water  running  v;ith  the  tides. 

From  Haverhill  to  the  mouth  of  the  river  only  a  comparatively  small  amount 
of  pollution  occurs  from  the  sewage  of  Salisbury  and  Newburyport.   However, 
in  an  investigation  made  by  the  State  Health  Depurtment  in  193^+.  it  was 
determined  that  the  pollution  from  these  two  commujiities  constituted  62,95^ 
of  the  total  pollution  contributdd  to  the  shellfish  areas  at  Kewbur^Tport. 
Lowell,  La-rrence  and  Haverhill  together  contributed  2o.8fo,    the  r^rna-:  niug 
10.3-^  bjing  contributed  by  the  tov.Tis  of  Chelmsford,  Dracut,  Methuen,  Andover, 
North  Andover  and  Amesbury. 

In  I92U,  tn--  ivL-:.ss'i.chusetts  Department  of  Public  Health  made  ar  inver,ti-;:a- 
tion  of  the  main  riv^r  and  itr,  tributaries  in  the  cities  and  tC7?r.s  ?f 
Massachubetts  bordering  on  the  river  to  determine  the  cha-racttr  o.r-d  quantity 
of  the  se-.Tage,  drainage  r.nd  industrial  wastes  discharged  into  the  :^iv3r. 
A  furth-ir  purpose  of  the  investigr.'tion  was  to  report  on  the  fea3j.biiity  and 
cost,  either  of  coll'^cting  the  douestic  and  iuduotrial  waste^  c.-  •uerir^s   of 
an  intercepting  trun':  sewer  which  would  discharge  the  collected  ''OvTn.ge 
through  an  outlet  into  the  sea  at  the  moutn  of  trie  river,  or  1 1  'Ti^atir.g 
these  wastes  for  removal  of  polluted  matters  at  suitable  workt,  located  at 
convenient  points  in  the  variotis  cities  and  towns. 

The  results  of  the  investigation  indicated  that  the  reuoval  of  the  scmge 
by  the  trunlc  sewer  would  be  the  more  effective  and,  in  the  long  run,  the 
more  economical  plan  to  adopt.   The  estimates  for  the  trurk  S'-Ter  and  the 
individ^aal  works  were,  respectively,  $10,000,000  and  $g,UOC,000,  based  on 
prewar  costs,  but  the  annual  cost  of  maintenance  and  operation  of  the 
treatment  works  would  be  about  double  the  ann-oal  cost  of  maintenance  and 
operation  of  the  trunk  sewer  system.   Consequently,  the  total  cost  of  the 
trunk  sewer  systen,  including  all  capital  charges,  would  be  considerably 
less  than  the  total  cost,  including  the  capital  charges,  of  separate  sewage 
disposal  works. 

In  1936  a  legislative  act  (Chap.  U20,  Acts  of  I936)  was  passed  authorizing 
the  establishment  of  the  "Merrimack  River  Valley  Sev/erage  District"  to 
include  all  the  territory  of  the  cities  and  towns  of  Amesbury,  Andover, 
Chelmsford,  Dracut,  C-roveland,  Haverhill,  Lawrence,  Lowell,  Merrimack, 
Methuen,  Newb'oryport ,  North  Andover,  Salisbury,  Tewskbury,  Tyngsboro  and  West 
Newbury.   The  district  is  to  be  managed  and  controlled  by  a  board  of  five 
members  appointed  by  the  Governor.   Its  functions  are  to  construct,  maintain 
and  operate  for  the  district,  subject  to  the  approval  of  the  State  Depart- 
ment of  Public  Health,  such  trunk  sewers  and  se^verage  works  as  may  be  re- 
quired to  divert,  dispose  of  or  suitably  treat  sewage  and  other  pollution 
originating  in  any  of  the  cities  or  towns  in  the  district. 

The  act  carries  the  provision  that  unless,  prior  to  January  1,  I933,  the 
sura  of  $10,000,000  or  such  smaller  sum  as  laa.y   be  sufficient  to  accomplish 
all  or  a  reasonable  portion  of  the  purposes  of  the  act  has  been  allocated 
by  the  Federal  goveriiment ,  the  act  shall  become  null  and  void. 
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It  would  appear  desiralale  for  the  State  Department  of  Health  to  review 
the  pollution  prohlem  in  the  Herri mack.   It  is  evident,  now,  that  disposal 
by  dilution  at  sea  will  not  tie  favored  by  communities  at  the  mouth  of  the 
river  and,  fiirthermore,  that  primary  treatment  works,  involving  an  addition- 
al construction  cost  of  some  three  million  dollars,  would  be  required  if 
the  trunk  sewer  project  were  undurtcikea.   It  is  doubtful  if  separate  dis- 
posal plants  for  the  individual  communitids  would  involve  less  cost.   The 
population  growth  in  the  valley  has  been  markedly  less  than  was  predicted 
in  1923.   The  estimated  population  of  these  cities  and  toims  by  1935  was 
^32,260.   According  to  the  census  of  1935,  "but  337,285  persons  were  then 
living  in  the  valley,  —  95.575  less  than  predicted.   The  I965  population 
estimate  of  56S,120  probably  approaches  200,000  in  excess  of  what  the 
actual  population  will  be.  This  discrepancy  will  undoubtedly  modify 
the  recommendations  mside  fourteen  years  a^o.   Another  element  T.'hich  should 
be  considered  is  the  effect  upon  the  low  water  flow  if  any  storage  reser- 
'voirs  are  constructed  in  the  upper  basin.   If,  by  regulation,  a  substantial 
increase  in  low  season  flow  c<".ui  be  obtained,  postponement  of  the  construction 
of  local  disposal  v/orks  may  be  made  possible. 

Summarizing  the  pollution  oroblera  in  the  Mt-rrimack  Basin,  it  is  foxmd  that, 
beginning  with  the  headwater  tribuf'-ries,  most  of  the  tributaries  of  the 
Merrimack  receive  varying  a,no-antn  of  pollution  in  some  form.   The  larger 
cities  along  the  main  river  contribute  large  volixmes  of  untreated  sewage  and 
industrial  vraste,  the  degree  of  pollution  becoming  most  extensive  in  the 
•Massachusetts  portion  of  the  river.   Sewage  treatment  facilities  in  the 
upper  basin  conserve  tne  unus\ial  recreational  advantages  of  this  section, 
one  of  the  most  popular  sunmer  playgrounds  in  IJew  England. 

i/iany  towns  and  villages  in  the  Merrimack  Basin  are  \7ithout  public  sewerage 
systems,  but,  in  general,   the  construction  of  new  sewer  systems  and  ex- 
tensions of  existing  systems  are  problems  of  individual  communities,  and 
the  benefits  of  such  works  are  for  the  most  part  confined  to  specific 
localities. 


Water  Supplies     In  general,  throughout  the  Mf-rrimack  valley,  water  of 
good  quality  can  ear-ily  br  obtained  from  upland  surface  cources  or  from 
wells.   Filtro.tion  is  unnecessary  excopt  for  improving  the  physical 
characteristics  of  the  water.   The  existing  supplies  are  about  evenly 
divided  between  surface  and  -onderground  watf-rs  :   Mew  Hampshire  has  a 
preponderancff  of  lakes,  ponds  and  small  streams,  while  Massachusetts 
has  more  dug  and  driven  wells. 

The  runoff  from  about  211  miles  of  the  basin's  drainage  area  is  diverted 
from  the  basin,  as  IIS  square  miles  tributary  to  the  South  Branch  of  the 
Nashua  Eiver  is  used  for  the  water  supply  of  the  Metropolitan  Water  Dis- 
trict and  partly  for  the  city  of  Worcester,  also  75  square  miles  on  the 
Sudbury  Biver  and  18  square  miles  tribiitary  to  Lake  Cochituate  are  urjed 
for  the  Metropolitan  Water  District  sn.pply.   The  runoff  is  stored  in 
nine  reservoirs  having  a  combined  storage  of  80  billion  gallons  and 
comprising  Wachusett  Reservoir  on  the  South  Branch  of  the  Nashua  River, 
Lake  Cochituate  and  seven  other  smaller  reservoirs  on  the  Sudbiiry  water- 
r.hed.   The  a-^-erage  annual  yield  from  the  Sudbury  area  over  a  period  of 
61  years  was  1.500  cubic  feet  per  second,  or  969,000  gallons  per  day, 
per  square  mile  and  the  average  for  the  driest  six  months  during  the 
same  period  was  .606  cubic  feet  per  second, or  391,200  gallons  per 
day,  per  square  mile.   Corresponding  figures  for  the  Nashua  River,  over 
a  period  of  39  years  are:   average  for  whole  year,  1.687  cubic  feet  per 
second,  or  1,090,000  gallons  per  day,  per  square  mile,  and  average  for 
driest  si:-:  months,  .879  cubic  feet  per  second,  or  568,000  gallons  per 
day,  per  square  mile. 

Ninety-nine  communities  in  the  basin  are  supplied  with  water  by  or- 
ganized systems,  48  being  in  New  Hampshire  and  51  in  Massachusetts. 
In  New  Hampshire  thirty-three  of  the  systems  are  publicly  owned,  tv/elve 
are  privately  owned  and  three  are  partly  public  and  partly  private.   In 
Massachusetts,  46  communities  have  publicly  owned  supplies,  four  have 
private  works  and  one  is  served  by  both  private  and  public  works. 

On  the  whole,  these  com.miinities  are  adequately  supplied.   In  ii  few 
cases,  improvements  involving  either  the  development  of  rupplementary 
sources  or  the  protection  of  the  quality  of  the  existing  water  sur.ply 
are  needed.   In  Massachusetts,  the  valley  population  has  decreased 
materially  in  the  past  ten  years,  no  that  anticip-ited  needo  for  ex- 
tensions to  water  supolies  have  not  been  realized. 

In  a  numbr-r  of  New  Hampshire  comnninities  it  will  soon  be  desirable 

to  install  new  water  supplies  or  to  extend  existing  ones.   From  the 

standpoints  of  sa.nitation  and  fire  protection,  certain  communities 

now  using  individual  wells  should  consider  the  feasibility  of  installing 

systems. 

With  the  growing  recroational  use  of  water  bodies,  it  is  becoming  of 
greater  importance  that  attention  be  paid  to  the  protection  of  water 
sunplics,  not  only  the  lakes  and  ponds  themselves,  but  also  of  the 
land  areas  tributary  to  the  surface  waters  and  to  springs  and  wells. 
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Lowell  is  the  largest  comrnranity  using  driven  wells  for  its  r.upply. 
Its  well-field  is  situated  near  'lyngsboro,  close  to  the  north  bank 
of  the  Llerrimack  River.   Tests  liave  shown  that  under  ordinary  condi- 
tions the  wells  are  not  contaminated  hy  seepage  from  the  river.  Fol- 
lowing the  flood  of  Liarch  1536,  however,  "between  thirty  and  forty  of 
the  wells  did  shov,-  siich  contamination  that  it  becaaie  necessary  to  cut 
them  off  temporarily  from  the  supply  system.   The  nominal  capacity 
of  the  Lowell  supply  is  about.  10  million  iS^allons  per  day, -but  the 
effective  capacity  of  the  wells  is  about  reached  when  being  drawn  on 
at  the  rate  of  5^-  million  gallons  per  day,  the  present  average  rate 
of  consumption.   In  the  iry   season,  it  has  been  necessary  to  use  water 
from  a  system  of  ;vells  in  the  valley,  of  Hales,  or  Hiver  Meadow  Brook, 
known  as  the  Cook  and  Hydraulic  wells. 

Within  the  past  year  the  Cook  wells  have  been  cleaned,  the  field  en- 
larged and  a  pumping  station  installed.   This  station  will  soon  be  in 
operation,  and  with  the  additional  2-million-gallon  supply  from  these 
wells,  the  water  needs  of  the  city  will  be  satisfactorily  met  for  some 
time.   Later,  vmen  a  largor  supply  is  needed,  a  T,7ell-field  located  on 
the  south  bank  of  the  Merrimack  River  in  North  Chelnsford  will  probably 
be  used  to  augment  the  supply. 

The  City  of  Lavrence  is  supplied  chiefly  v/ith  water  drawn  from  the 
Merrimack  River  and  subsequently  treated  by  slov;  sand  filters  and 
chlorin-i.tion.   This  supply  is  unsatisfactory  owing  to  the  badly  polluted 
conditijn  of  the  river  caused  by  sewage  and  manufacturing  vfastes  from 
the  cities  and  towns  along  the  river  ai'-d  its  tributaries  above  Lawrence. 
Despite  the  fact  that  VTater  can  be  rxide  safe  for  drinking  through  puri- 
fication by  filtration  and  disinfection,  the  use  of  such  water  is  more 
or  less  repulsive  to  th^  inhabitants.   Steps  should  be  taken  to  obtain 
a  water  supply  from  a  source  not  subject  tc  sewage  contamination. 

The  daily  water  consumptior.  at  Lowell  and  Lawrence,  the  highest  in  the  basin, 
amounts  to  about  5,500,000  gallons  for  Lowell  and  6,200,000  for  Lawrence, 
corresponding  to  a  per  capita  consumption  of  55  and  67  gallons  per  day, 
respectively. 

Fitchburg  has  the  highest  per  capita  consumption  in  the  basin  —  101  gal- 
lons per  day.   Water  supply  statistics  for  the  cities  and  tovms  in  the 
basin  are  summarized  in  Table  V-E. 

Another  community  in  need  of  water  supply  extensions  is  the  town  of 
Methuen,  which  at  present  obtains  its  water  from  three  groups  of  wells. 
In  recent  years  the  combined  supply  from  these  three  sources  has  been 
inadequate  for  the  town  during  dry,  seasons  and  it  has  been  necessary  to 
take  water  directly  from  the  Spicket  River.   Studies  have  been  made  rel- 
ative to  extension  of  this  supply  by  building  a  dam  and  reservoir  at 
Peters  Pond  and  by  constructing  a  conduit  to  suitable  treatment  works 
and  pumps  to  be  installed  at  the  Harris  Brook  piooping  station. 

An  exa::iple  of  a  community  that  needs  a  nev;  supply  because  of  contamination 
in  the  old  is  the  tov.n  of  Belmont,  New  Haijpshire.   The  present  source  of 
supply  is  a  brook.   The  conditions  of  the  watershed  are  so  unsatisfactory 
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that  chlorination  is  inadequate  to  bring  the  water  up  to  the  desirahle 
quality.   The  alternative  —  use  of  artesian  welln  —  does  not  appear 
feasible  because  the  water  is  highly  impregnated  -^ith  iron,  and  further- 
more, the  supply  would  be  far  from,  adequate.   Attempts  have  been  made 
to  utilize  a  nearby  brook  as  a  new  source  which,  with  provision  for 
rapid  sand  filtration  for  iron  removal,  would  furnish  a  satisfactory 
supply.  As  the  town  officials  and  the  owners  of  power  rights  on  the 
brook  have  been  unable  to  come  to  an  a,greement  a«  to  the  use  of  the 
water,  the  project  has  been  abandoned.   However,  the  matter  s^-Ould  be 
kept  ODen  because  the  present  source  is  unsuitable  and  unsafe  despite 
chlorination. 

Flood  Control     The  Ivlarch,  1^36  flood  produced  a  -poox   di r-clira-go  at 
Lav/rcncc,  Llassachusctts ,  of  lyU.OOO  cubic  foet  per  second,  the  ..irj>:r.r.um 
figure  in  a  91-yoar  record.   The  nearest  approach,  to  this  ;xiO-Lmt  oc- 
curred ill  1652,  when  a  peri:  of  lOS.OOO  cubic  feet  per  second  vra-s 
reached.  The  most  recent  flood  prior  to  that  of  193^  occurred  in 
Hovombcr,  1927,  with  a  pcpic  of  76,000  cubic  feet  per  second.  Al- 
tho-ogh.  the  1S27  flood  \7as  of  extreme  proportions,  it  has  been  ex- 
ceeded nine  tiuies  since  12U6.   Chpj-t  6  shov/s  the  greatest  daily  ilov/s 
occurring  in  each  year  of  record.   On  Ch^.rt  7  these  flows  have  been 
grouped  according  to  the  months  in  which  they  occurred,  rnd  it  v/ill 
be  seeii  tlir.t  floods  are  i.iore  preva-lent  in  spring  than  at  o.-jy   other 
season  of  the  year.   A  flood  is  less  likely  to  occur  in  ITovCitibcr 
(as  ill  1927)  than  in  Llarch  or  April,  or  even  in  May. 

The  1936  flood  produced  soue  ujiusually  high  unit  dischaj-ges  on  the 
raain  river  and  its  tributaries.  Table  III-Bbased  on  recorr.-,  of  the 
U.  S.  C-eolofjical  S'orvoy,  gives  the  raaxiraum  discharges,  together  with 
the  ujiit  di schaa'ge s .  v.t   the  several  gaging  stations  in  the  ta-sin. 
Corresponding  figures  rxe  give.,  for  the  I927  flood  for  such  st:.tions 
as  were  then  in  existence,  Mid  a  coirprxison  of  the  figures  for  the 
two  years  shows  th-.t  the  I936  flows  v/ere  considerably  i:  .  excess  of 
those  of  1527.   Th'^.  Idghest  recorded  unit  flow  in  I936,  a;noraatint;  to 
163  cubic  feet  per  second  per  nnur.re  mile,  occiorrod  at  Lincoln,  on 
the  Sast  Branch  of  the  Pcmi^-ewassot  Eivor.   The  total  rmioff  frov.i  the 
drainr^s;©  ojroa  above  this  point  v;as  I9.S9  inches  for  the  flood  period. 
The  ranoff  at  pl;Tnou.th  v/as  I5.O5  inches  and  the  majciLium  unit  discharge 
v/as  105  cubic  feet  per  second  per  square  mile.   Tributai'ies  to  tlie 
Pemigev/asset  i^roduced  disch^irges  as  high  as  154  cubic  feet  per  second 
per  squ.are  rdle.   On  the  Mad  and  Humney  rivers,  the  unit  discliarge  in 
the  1927  flood  exceeded  that  01  I936.   Charts  8  and  9  show  flood  hy- 
dro^rraphs  at  several  stations  for  the  1927  and  I936  floods  respective- 
ly- 

In  fmy  flood  the  Pemigewassct  Valley  is  subject  to  high  discharges  due 
to  the  steep  sloping  drainage  area  and-  river  gradients.  Plj-inouth  is 
invari.v.bly  the  target  for  daJTiaging  floods,  nor  do  Cainpton  ;ind  Bristol 
escape  high  water  ejipericncos.   The  comparative  steepness  of  the  gra- 
dient of  the  Pemigev/asset  and  its  tributaries  is  Gho\7n  on  Prcfile  5, 

In  1936  the  tributarios  of  the  Contoocook  River  yielded  xmurnially 
high  discliargcs,  ranging  fron  112  cubic  foot  per  second  per  sg,U3,rc 
mile  :.t  Antrim,  on  the  l-Jorth  Br;  nch,  to  I32  cubic  icct  per  jjecond  per 
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square  mile  on  the  Blackwater  at  Webster.   There  are  no  availahle  rec- 
ords of  damages  from  floods  prior  to  those  of  1927.  Tiie   I927  damages, 
according  to  estimates  obtained  by  the  U.  S.  Army  Engineers,  ■amounted 
to  $2,365,000.   Of  this  amount,  $800,000  damage  was  caused  to  rail- 
roads and  $U65,000  to  highways.    These  damages  were  confined  prin- 
cipally to  New  Hampshire,  and  for  the  greater  part  to  the  Pemigewasset 
Valley. 

In  1936  the  direct  flood  losses,  as  determined  by  the  U.  S.  Army  En- 
gineers, were  approximately  $20,200,000  distributed  over  the  entire 
area,  with  nearly  $12,000,000  damage  occurring  in  Massachusetts  and 
$8,200,000  in  Hew  Kat;pshirc.   The  indirect  losses  amounted  to  ap- 
proximately $8,900,000  in  Massachusetts,  of  which  $3,800,000  were  re- 
ported and  additional  unreported  losses  of  $5,100,000  were  estir.ated. 
The  corresponding  figure  for  Kev.  Ka-npshire  was  $5,360,000,  of  which 
$1,990,000  were  reported  and  $3,370,000  estimated.'  The  total  losses, 
includinfj  the  direct  and  the  reported  imd   estimated  indirect  losses 
for  Massachusetts,  v/ere  $20,800,000.   Similar  figures  for  New  Hampshire 
amounted  to  $13,570,000,  -iving  a  grand  total  of  $3U,1|00,000.   Ind'ostry 
suffered  the  greatest  damages,  taking  a  loss  of  $7,lU0,000  in  Massa- 
chusetts, and  $3,560,000  in  IJev?  Ha.apshire. 

Of  the  total  flood  losses  in  the  entire  Merrimack  Talley,  the  Army 
Engineers  estimated  that  those  occurring  in  areas  -which  could  be  con- 
trolled by  storage  reservoirs  were  $13,000,000  in  Massachusetts  and 
$10, goo,  000  in  New  Hai:ipshire,  or  a  total  of  $28,900,000;  this  would 
leave  approximately  $5,500,000  damages  in  areas  v/hich  would  not  be 
benefited  by  the  reservoirs  ■'onder  consideration.   The  Engineers'  es- 
timate of  the  total  anmoal  flood  losses  to  be  expected  in  the  controllable 
reaches  of  the  river  is  $469, 6OO  in  Massachusetts  and  $632,000  in  New 
Hampshire,  a  grand  total  of  $1,152,500.   These  figures  were  obtained 
by  applying  the  computed  expectancy  of  flood  flows  in  the  several 
reaches  of  the  river  to  the  losses  attributable  to  succeeding  increments 
of  flood  flow. 

Possible  measures  for  reduci:ig  fut^ire  flood  losses  include  channel  im- 
provements, diking,  and  construction  of  reservoirs.   The  first  two  usually 
prove  to  be  justifiable  only  as  local  remedies.   The  enlargements  of  re- 
stricted passages  in  the  river  afford  relief  to  the  communities  in  the 
immediate  vicinity,  but  arc  not  as  a  rule  of  any  particular  benefit  to 
communities  downstream.   Protection  of  the  low  bordering  areas  used 
for  agricultural  purposes  by  a  system  of  dikes  would  cost  more  than  the 
lands  themselves,  and  the  maintenance  of  these  dikes  over  a  period  of 
years  during  v;hich  floods  seldom  occurred  woiild  make  the  project  still 
more  extravagant.   However,  m  the  case  of  a  thickly  populate!  section 
T;here  considerable  property  is  at  stake,  the  cost  of  the  flood  wall  may 
be  economically  justified,  as  at  Haverhill,  where  the  Engineers  are 
constructing  a  flood  wall  along  the  north  bank  of  the  river.  At  Lowell, 
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there  is  an  excavation  project  for  the  enlargement  of  the  water  passages 
Tinder  the  bridge  just  helow  Pawtucket  Dam  and  the  removal  of  ledge  rock 
immediately  downstream  from  the  bridge  to  provide  increased  channel 
capacity  and  reduce  flood  ctages.'  Likewise,  extensive  channel  improve- 
ments being  made  at  Pitchburg  on  the  North  Nashua.  Hiver  are  expected 
to  provide  material  relief. 

Storage  reservoirs  afford  general  relief  and  protection  to  the  com- 
munities dovmstream  and  are  the  most  economical  means  of  reducing  flood 
losses.   There  are  sites  on  the  tributaries  of  the  Merrimack  where 
storage  can  be  developed  sufficient  to  reduce  the  flood  peaks  to  a 
point  T/here  damages  will  be  relatively  slight.   In  order  to  provide 
for  the  coordinated  development  of  the  river,  fihal  selection  of  re- 
servoir sites  should  not  be  made  without  giving  full  consideration  to 
all  the  possible  uses  to  which  the  storage  m.oy  be  put.  These  uses 
include  flood  control,  recreation,  power  and  stream  regulation,  uses 
which  are  not  inherently  reconcilable  and  which  therefore  should  be 
investigated  concomitantly.   In  the  Ivierrimack  Valley  increased  storage 
is  needed,  not  only  for  flood  control,  but  also  for  stre.am  reg-alation 
for  existing  power  plants  which  are  handicapped  during  the  dry  season 
by  insufficient  flow.  The  pollution  conditions  in  the  lovrer  portion 
of  the  Merrimack  would  be  greatly  alleviated  by  increasing  the  low 
water  flow  with  water  stored  in  the  reservoirs.  Economic  advantage 
might  be  taken  of  reservoirs  for  recreational  uses  provided  such  uses 
did  not  seriously  affect  other  benefits.   There  are  available  upon 
the  various  tributaries,  reservoir  sites  sufficient  to  malce  possible 
the  degree  of  regulation  required  both  for  flood  control  and  power 
use,  as  well  as  for  other  advantages. 

Headwaters  development  and  management  form  an  important  part  of  a  com- 
plete plan  for  the  improvement  of  this  watershed.   Some  of  the  small 
storage  sites  available  in  the  headx.-aters  should  be  utilized  to  sup- 
plement and  complete  the  program  of  larger  reservoirs  do;mstrean  to 
assist  in  the  solution  of  local  flood  and  water  conservation  problems. 
Proper  management  of  the  large  forested  areas  is  essential  to  provide 
a  vegetative  cover  that  will  be  most  effective  in  assisting  and  sup- 
plementing the  downstream  develo^jment. 

The  existing  storage  in  the  Merrinack  Basin  is  about  307,000  acre- 
feet,  of  which  275,000  acre-feet  is  in  the  Winnipesaukee,  Newfound 
and  Squam  River  watersheds.  Lake  Winnipesaukee,  controlling  3I3 
square  miles  at  its  outlet,  affords  the  greatest  part  of  the  total 
storage  with  its  l60,600  acre-feet  capacity.  Its  water  surface  of 
72  square  miles  represents  about  68^^  of  the  total  water  surface  of 
the  storage  reservoirs  in  Hew  Hampshire. 

The  locations  and  capacities  of  the  principal  recer\-oirs  are  shown  in 
Table  VII-B. 
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HYDROGRAPH  FOR 

FLOOD  OF  NOVEMBER  1927 

MERRIMACK  RJVER  BASIN 

STAT  I O  N                            DRAI NAGE  AREA 

1  PEMIQEWASSET  RIVER-   PLVMOUTH,N.H.       (  622  Sqjni.) 

2  N.  BR.CX)NTOCXX)OK  RIVER.- ANTRIM.M.H.           (54.8  5C[.mi) 

3  IMACKWATER       RIVER-     OONTOOCOOK,N.H.  (  134     SC^ml) 

4  50UHEGAN    RIVER-      MERRIMACK  N.H.  (  17 1     Sq.mi) 

_     MERRIMACK   RIVER        FRANKUN  J'cXN.H.(1507  sq^-mi.) 
_      MERRIMACK  RIVER        GARV IMS  FALLS       (2427Sq^mL) 
_      MERRIMACK  RIVER        LOWELUMASS.     (44  24Sq_rm.) 
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Numerous  storage  reservoir  projects  located  on  the  several  New  Hampshire 
tributaries  have  teen  conr-idered  and  reports  made  on  them.   Considera- 
tion has  also  been  given  to  increasing  the  capacities  of  Lake  Winnipe~ 
saukee,  Squam  Lake  and  Ne-.vfound  Lake  so  as  to  provide  about  82,000  acre- 
feet  of  additional  storage. 

In  1917  and  1918  investigations  of  storage  in  the  Merrimack  Basin  were 
made  by  the  New  Ham-oshire  State  Commission  on  Water  Conservation  and 
Water  Power.  Forty-four  sites  were  examined  and  estimates  of  cost  and 
probable  benefits  to  power  were  made.  These  forty-four  sites  included 
all  locations  of  any  promise  for  increased  storage,  whether  for  power 
or  for  flood  control. 

In  19Z3  and  1934  investigati-ins  of  four  storage  reservoir  projects  in 
the  Merrimack  Basin  were  made  by  private  engineers  for  the  state  of 
New  Hampshire.   These  projects  were  at  Liver^i.ore  Falls  on  the  Pemi- 
gewasr.et  Kiver,  Webster  on  the  Blacinffater  River,  Suncook  Ponds  on  the 
Suncook  Eiver  and  Water  Loom  Pond  on  the  Souhegan  River.   The  Livermore 
Falls  and  Blackwater  reservoir  projects  calleri  for  power  developments 
at  the  dam  sites.   In  all  cases  the  use  of  storage  was  primarily  for 
stream  regulation  and  secondarily  for  flood  control  benefits. 

Of  these  four  reservoirs  the  Livermore  Falls  Project  appeared  to  be 
outstanding  in  respect  to  flood  protection.   The  report  stated  that 
the  chief  benefit  would  accrue  to  communities  in  the  Pemigewasset 
valley,  but  that  there  would  be  a  marked  effect  in  the  Merrimack  beloTiT 
Fran-klin.   The  control  of  the  Pemigewasset  River  would  be  as  effective 
as  that  of  tht  Winnipesaukee  Eiver,  which  is  relatively  free  from  floods, 

The  1935-1936  Biennial  Eenort  of  the  Ne'.'r  Hampshire  Water  Resources 
Board  lists  three  additional  reservoirs  sug^^ested  primarily  for  river 
regulation,  but  affording  flood  control  benefits.   These  reservoirs 
are  located  at  Stillwater,  on  the  East  Branch  of  the  Pemigewasset; 
East  Jaffrey  on  Mountain  Brook,  a  tributary  of  the  Contoocook;  and 
Highland  Lake  on  the  North  Branch  of  the  Contoocook. 

An  additional  group  of  five  reservoirs  was  suggested  by  the  District 
Water  Consultr-nt  of  the  National  Eesourc/s  CoiraT.ittee,   These  are  lo- 
cated at  West  Runney,  on  the  Baker  River,  South  Alexandria,  on  the 
Smith  Eiver;  Cavendar,  on  the  Contoocook  Eiver;  Eoby,  on  the  WarnRr 
Eiver;  and  Wilton,  on  th?  Souhegnn  Eiver, 
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Data  for  all  12  of  these  reservoirs,  and  for  the  five  reservoirs 
ty  the  Army  Engineers  are  j^iven  "below: 


studied 


Drainage 

Water 

Capacity 

Estimated 

Area 

Sui^f. 

Acre 

Cost 

Name 

Key 

River 

Sq.    Mi. 

Acres 

Feet 

In  Dollars 

Liverraore   Falls 

A 

Peniigewasset 

U08 

6,200 

26U,000 

5,500,000 

Blackwater 

A 

Blaclcwater 

127 

U,300 

99,000 

1,1+00,000 

Sturicook  Ponds 

A 

Some  0  ok 

55 

2,000 

39,000 

550,000 

Water  Loom  Pond  ' 

A 

SouJiegan 

23 

550 

9,200 

190,000 

Stillwater 

B 

Pemigewasset 

19 



■  5,200 



East  Jaffrey 

B 

,  Mountain  Brk. 

13 

U50 

9 ;  000 



Highland  Lalce 

B 

Contoocook 

.30 

1,500 

27,500 



West  Rrainey 

C 

Bal-^er 

lUo 

1,700 

R4,000 

2,1+37,000 

South  Alexandria 

C 

Smith 

73 

2,1+00 

is, 500 

l,C61+,000 

Cavendar 

c 

• Contoocook 

16U 

2,850 

33,000 

1,791+,  000 

Roty 

C 

Warner 

8S 

900 

32,500 

2,666,000 

Wilton 

C 

Souhegan 

65 

1,100 

43,000 

2,531,000 

Franklin  Falls 

D 

Pemigewasset 

1000 

2,5^0 

170,000) 

Blaclcwater 

D 

Blp.ckwater 

125 

3,iUo 

U6,ooo) 

8,b!?0,  000 

All ens town 

D 

Suncook 

2U6 

3,260 

73.^00 

.-M 

Milford 

D 

SouJhegan 

165 

3,290 
1+.500 

U2,170 



Hillstoro-ugh 

D 

Contoocook 

351 

12^,000 

.      

A.  Private  Engine'-^rs  group;  revised  data  from  N.H.Watsr  Resources  Board. 

B.  U.  H.  Water  Resoui-cec  Board. 

C.  District  7/ater  Consultant,  National  Resources  Committee. 

D.  U.  S.  Army  Engineers;  included  also  in  list  of  N.  H.  Water  Reso.urces  Board. 

Acting  under  authorization  of  the  Flood  Control  Act  of  I936,  the  U.  S.  Army 
Engineers  are  engaged  in  an  extensive  investigation  of  the  Merrimack  Basin 
for  the  purpose  of  maJcing  recommendations  for  a  flood  control  system.   The 
Act  authorized  a  system  of  flood  control  reservoirs  at  an  estimated  con- 
struction cost  of  $7,725,000,   with  land  and  damage  costs  estimated  at 
$3,500,000. 

The  field  work  of  the  Engineers  included  a  preliminary  study  of  6k   reser- 
voir sites;  an  aerial  survey  of  a  river  strip  two  hundred  miles  long,  and 
of  forty-seven  possible  reservoir  sites;  detailed  topographic  mapping  of 
eighteen  reservoir  sites;  and  geological  reconnaissance  at  fifty  dam 
sites,  at  fifteen  of  which  test  pits  and  borings  were  made.   In  all  cases 
the  sites  selected  by  the  Army  Engineers  for  flood  control  have  been 
studied  by  them  for  additional  conservation  storage  possibilities. 
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The  Army  Engineers'  initial  plan  provides  for  tv/o  reservoirs,  located 
at  Fran2:lin  Palls  on  the  Peraigewasset  River  and  at  TTebster  on  the 
Blackwater  River.   The  Franklin  Falls  reservoir  will  control  an  area 
of  approximately  1,000  sque.re  miles  anrj  will  have  a  storage  capacity 
of  170,000  acre-feet,  equivalent  to  3.I9  inches  of  runoff  from  the 
drainage  area.   The  estimated  total  cost  of  this  reservoir  is  $7,7?0,000 
consisting  of  the  construction  cost  of  $5,91+2, 000  to  be  "borne  by  the 
Federal  Government,  and  $1,772,000  for  damages,  highway,  coraiaunication 
and  power  line  relocations  to  be  borne  by  the  states.   The  Blackwater 
reservoir  v»ill  have  a  drainage  area  of  125  square  miles  and  a  storage 
capacity  of  46,000  acre-feet,  equivalent  to  6.9  inches  of  rcinoff. 
The  total  estimated  cost  is  $S60,000,  of  which  the  Federal  G-overnment' s 
share  is  $580,000  for  constriction,  the  remaining  S38O-OUC,  covering 
land  damages  and  relocations  cost,  to  be  borne  by  the  states.   The  plans 
for  this  site  allow  for  the-  enlargement  of  the  reservoir  to  provide 
combined  flood  control  and  conservation  storage.   The  enlarged  reservoir 
would  have  a  storage  capacity  of  101,000  acre-feet,  equivalent  to  I5.2 
inches  of  runoff  from  the  drainage  area.   The  estimated  ultimate  cost 
of  this  larger  reservoir,  exclusive  of  the  cost  of  any  power  installa- 
tion at  the  site,  is  $1,953,000,  of  which  $1,^93,000  is  construction 
cost  and  $U6o,000  is  the  cost  of  damages  and  relocations. 

Although  these  reservoirs  v^oiild  be  developed  primarily  for  flood  con- 
trol, they  would  provide  incidental  benefits  to  dovynstrei^jn  power  plants 
if  operated  to  increase  the  low  water  flow. 

These  two  reservoirs  would  control  a  combined  drainage  area  of  1,125 
square  miles,  or.  22|ji  of  the  Merrimack  watershed,  and  would  reduce  the 
flood  height  at  Lowell,  belov/  the  dan,  appro ximateiy  3*5  feet;  at 
Lawrence,  below  the  dan,  3,6  feet;  and  at  Haverhill,  3,3  feet. 

These  two  reservoirs  have  been  accepted  by  the  Interstate  Compact  oon- 
missions  of  the  Commonwealth  of  Massachusetts  and  the  State  of  New 
-iarapshire,  ajid  a  compact  between  these  two  states  is  before  the  U.  S. 
Congress  for  ratification*.  Under  the  compact,  each  signatory  state 
is  obligated  to  pay  ^Q'p   of  the  cost  of  acquisition  of  land,  easements 
and  rights-of-way. 

Other  reservoirs   being  considered  by  the  Array  Engineers  to  complete 
the  reservoir  system  are  located  at  Allenstown,  Hiilstorough,  and  Mil- 
ford,  —  all  in  the  state  of  New  Hampshire.   These  reservoirs,  together 
with  Blackwater  and  Franklin  Falls,  woiild  control  a  drainage  area  of 
1S87  square  miles,  and,  it  is  estimated,  would  reduce  the  flood  height 
at  Lowell,  below  the  Pawtucket  D<am,  6.1  feet;  at  Lavvrrencc,  below  the 
dam  6.9  feet;  and  at  Haverhill,  5.8  feot. 

Power     77ater  power  developments  in  the  Merrimack  River  basin  were 
well  established  by  the  middle  of  the  nineteenth  century.   There  are 


Compact  ratified  bj-  New  Hampshire  and  Massachusetts,  -and  cignec 
by  Interstate  Compact  'Commissions  on  July  6,  1S37' 
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nov;  sccit-fccrod  along  the  main  river  ,?iid  its  tributaries  alDOut  I30 
plants,  v.'ith  a  total  capacity  of  more   tlian  200,000  horse  power. 
At  many  pl-Tjats,   where  pov/er  ecplpnent  is  now  obsolete,    redevelop- 
ment would  facilitate   efficiencv  t,nd  .erea-ter  output. 

Of  the  developed  water  power  in  the  'basin,   6l-|^  of  the   total   capacity- 
is  within  the   state   of  ITew  Faiiipshire  and  38^^  witMn  the   state  of 
Massachusetts.      Tlie  capacity  of  the  developments  on  the  r.iain  river 
(Merrimack  and  Peraigev/asset)   auounts  to  about  Gkfy  of  the  total  vdthin 
the  "basin. 

As  of  Jan-uary  1,    1937.    'the  JDocston  District   Office   of   the  Hater  'dc~ 
soxixces  Branch,   U.    S.    C-eolO:;ical   Siu-vey,   has  prepared  an  inventory 
of  the  existing  water  power  devslopmcntc  on  the  Merrim;.ich.     Detailed 
information  ref.'ardin'^  individtial  plants  is  on  file  in  the  Boston  office 
of  the   Sm-vcy.     Details  on  power  developments  in  New  Hai'-ipGhiro  are  con- 
tained in  the  Pirst  Diennial  Report  of  the  Hev^  Hampshire  V'ater  Pe sources 
Board. 

Textile  nanufactures  predominate'  in  the  valley.      'Until   recently  water 
power  \-ras  ori-'tjloyed  directly  ^o-j  t'\c  nanmacturing  plants  for  i.iecrianical 
operations;    today,    electrical   conversion  is   foimd  "better  adapta''ole   to 
efficient  prodiiction.      '2ho  lairgest  dcvclopr.icnts   are   located  on  the 
main  I'iver  at  ilMichestcr ,   iiovi  Hejaxi shi re ,    and  at  Lov/oll  and  La\.'ronce, 
Massachusetts. 

Most   of  the  dcsira'ble   sites  on  the  nain  river  have   a-lready  'boen  oc- 
cupied;  however,    some  head  on  the  main  river  and  considerably  more 
on  the  tri"outaries  is  still  availa'ble,   and  avraits  economic  justifi- 
cation for  development..     Heads  of  II9  and  200  feet  respectively     could 
■fac  developed  at  Livcrmoro  Palls   on  the  penigev/assot  River,    and  at 
We"bster  on  the  Elac'ic^ator.     Jji  additional  Uo  feet  could  'be  developed 
on  the  PeiTdgewasset   and  53   feet  on  the   Contoocook  Hiver.      Onls--  25   feet 
remain  for  dcvclopiaent   on   the  ;:ain  river. 

Esta"blirdiraont   of   storage   reservoirs  on  the   tri"butarics   to  provide   in- 
creased flow  during  di-y  periods  would  "benefit  "both  existing  and  pos- 
si"blc  future  pov/cr  dcvelopncnts.     The  present  storage  of  i-l-00  acre-feet 
per   scLiiaro  mile  of  drai;iagc  area  raises  the  minimtm  flov:  to  alDout  jQ'^o 
of  the  yearly  i.iean  on  the  trroutarics.      It  has  "been  suf-^gostod  tlu.t  the 
level  of  these  natural   storc^e  "basins  "be  raised  to  o"btainod  additional 
storage;   "'but,    considering  the  control  already  effective,    it  would  seen 
"bettor   to  o'btain  artificial   reg-oLation  on   the  main  river   and  on   s-ac}\ 
tri"butarios  as   do  not  have  natural   storage. 

The  adequacy  of  electrical  encrg-y  now  generated  and  t"no  difficulties   of 
competition  with  modern  stoem  power  have  tended  to   stand  in  the  wo,y  of 
the  development  of  wo.tcr  x^ower  as  a  valna"ble  resource.      Effective   con- 
servation of  natural   resources  requires   that  i  t  "be   given  due   consider- 
ation in  ilew  England. 

More   than  half  of   the   total   fall   in   the  yiain  strcara  "between  Uoodstock, 
Now  Hei-pshii-c  and  tidewater  has  "been  developed..    (See  profile   #5). 
About  575"^  of  the  remaining  gross  imdovolopcd  head  co\ild  "be  utiliEcd  "by 
power  developments  at  Livormore  Palls,   'worthca  "Rock  ("bct\Teen  Franklin 
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Falls  aiid  the  Ayi'es   iGlfi^id  Eevelophiont)    and  Iloores  Falls.      21ig  Y.'orthen 
Eock  development  v/ould  oe  al^sorbed  in    blie   flood  control  rerjervoir  at 
FranJclin  Falls  reconn.iended  "by  the  U.    S.   En^'ineers. 

There  are   several   tho\isand  feet   of  -andeveloped  head  in  main  tri'Dittarios 
of  the  iierrimack  River.     Ihica  of  this  fall,    when  developed,   \^o-ald  have 
no    storage  had:  of  it;    hence   its  development  v/oiild  "be   irapractical  -onless 
clianging  conditions  in  the  future  iTiade  rxm-of-the-river  plants  economical- 
ly feasible.      To   tsice  a  complete  inventory  of  these  poosioilities  v/o'Old 
require  extensive   field  and  office   investigations  "beyond  the   scope   of 
this  report. 

Several  of  the  more  outstanding  sites  iiave  "been  the    subject  of  exaia- 
ination  and  reports,     ilotev/orthjr  ainong  these  are   t'nc   enlarged  pov.er 
and  storage  developments  on  the  Pemigewasset  F.iver  at  Livermore  Falls, 
and  on  the  Blac'iwater  Fiver  ncujr  V'ebster.      In  addition,   developments 
at   sites   on  the   Contoocoo"^:,    Faker,    Smith,    warner,    Soncoo"!-:,    Sovhegan  snd 
Piccatanuog  rivers  appear   to  "jo   feasi'ble. 


Tlie   chief  undeveloped   sites  are 

ar.  folloY/s:- 

Fiver 

Location 

Foad 

povrer  Store 

i.ge 

ifcc:tl 

(acre -fee 

-0 

Pemigewasset 

Liveraore   Falls 

iiq* 

2SU,000 

Blacta'/atcr 

■    'Tetstcr 

200 

92,000 

Pemigcv/assct 

'Torthc.T.  Foci: 

ko 



Merrinach 

l.;o Ox-OS  Falls 

P-b 

— 

*37  feet 

of  head  at  presont 

c'ovclopcd 

Dopoitding  on   t"ne  use   to  which  thoy  were  put,    these   four  dcvelopiients 
would  provide  a  "block  of  power  of  from  '30,000  to'  70.000  horse  power. 
Regardless  of  \7hether  the    aergy  caald  ho  profitably  aoL'-ihed  from 
pliats  located  at  these   sites  there  wo~ald  be  available,    depending  on 
the  utilization  affected,    from  100,000,000  to  loO,000,000  hilowc.tt- 
hoTixs  of  electrical   enorry  in   'olio  a,vcrage  year. 

Due   to   the  -^otcntial    storage   for  power  purposes  at   the   first   two   sites, 
there  woi^ld  be  available   from  head  at  plants  already  developed  dovrn- 
stroaia  on  the  pemigewasset,  Merrimack  and  Contoocook  rivers  v:.\  addi- 
tional yearly  output  of  about  60,000,000  ki 1 o watt -hour s . 

To  mal:e   these   developments  economically  feasible   there   v/o-uld  be  re- 
quired a  return  of  from  5   "to   7  mills  at  switchboard  per  kilo\/att-hour 
generated.      On  the  basis  of  preliminary  estimates   their  constr-oction 
vrould  cost  in   the  neighborhood  of  $13,000,000,    exclusive   of  traiisiais- 
sion  costs. 

In  the   stiv.ics  and  investigations  for  flood  control  pm-poscs   the  Army 
Engineers  li^ave   found  incidental   energy  increase  at   existing  downstream 
plcaits.      To   ascertain  the   ymo~ant   of  this  increase   they  liavc   assu'.icd  an 
operating  ro,7Tilation  of   the  reservoirs  to  augiaent  low  flows  in  the 
river  without  dccrCcasing  their  effectiveness   for  flood  control. 
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For  the  Franklin  Falls  and  Blackwater  reservoirs  the  estimated  increase  would 
"be  ahout  16,300,000  kilowatt-hours.   If  there  were  reservoirs  also  at  Mil- 
ford,  Allenstown,  aiid  Hillshorough  there  would  he  at  the  existing  downstream 
plants  a  total  yearly  increase  of  energy  of  about  27,000,000  kilowatt-hours. 

The  flood  control  reservoirs  studied  by  the  Army  Engineers  are  considered 
more  comprehensively  in  the  Flood  Control  section  of  this  report. 

Navigation     The  river  has  been  made  navigable  in  the  tidal  portion,  be- 
tween its  mouth  at  Nowburyport  Harbor  and  the  railroad  bridge  at  Haverhill, 
a  distance  of  20  miles,  by  dredging  a  channel  7  feet  deep  at  mean  low  water 
and  150  feet  wide.   The  mean  range  in  tide  is  7«9  feet  at  the  mouth,  and 
U.6  feet  at  Haverhill. 

Jetties  have  been  built  at  the  mouth  of  the  river  to  restrict  and  direct 
the  flow  of  water  for  the  purpose  of  scouring  out  the  bar.   To  a  certain 
extent  this  has  boen  effective,  but  the  bar  still  forms  just  beyond  the 
jetties.   Maintenance  dredging  by  government  plant  to  obtain  a  channel 
through  the  bar  is  now  being  carried  on. 

Serious  shoaling  having  been  caused  by  the  flood  of  March  I936,  dredging 
to  restore  the  project  depths  of  7  feet  below  mean  low  v/ater  between  New- 
buryport  and  Haverhill  and  of  9  feet  just  below  the  wharves  at  Newburyport 
is  proposed  for  193S. 

Navigation  above  Haverhill  is  restricted  to  small  plea^iuro  craft.   Above 
the  dams  at  Lawrence  and  Lowell  the  pools  formed  by  the  dams  are  utilized 
by  these  pleasure  craft.   Canals  and  locks  for  naviga,tion  around  the  dams 
exist  at  both  Lawrence  and  Lowell,  but  the  canals  are  so  restricted  by  low 
headroom  under  the  brid^gea  that  no  practical  use  is  made  of  them. 

The  wa.ter-borne  commerce  comprises  chiefly  coal  and  petroleum  products. 
Coal  traffic  has  greatly  decreased  in  recent  years,  due  in  part  to  the 
shallow  channel,  but  largely  to  the  competition  of  motor  transportation 
and  the  increased  use  of  fuel  oil. 

In  the  1935  annuiil  report  of  the  Chief  of  Engineers  the  total  net  regis- 
tered torinage  in  Newburyport  Harbor  was  er,tinated  at  22,3SU  for  the  year 
I93U;  similar  tonnage  in  Merrimack  River  was  estimated  at  52,578  tons. 

In  I91U-I5  investigation  and  survey  to  determine  the  cost  of  a  channel  18 
feet  deep  and  200  feet  wide  from  the  mouth  to  Hunt's  Falls  at  Lowell,  about 
2  miles  below  Pawtucket  Dam,  was  made  under  Congi'essional  authorization 
requested  by  local  interests.   The  cost  of  enlarging  the  channel  was 
estimated  at  $7,076,000,  or  at  $10,000,000  if  the  construction  were  to  in- 
clude changes  to  bridges,  power  plants  and  other  works  of  a  similar  nature. 
The  Chief  of  Engineers  recommended  the  improvement  provided  that  state  and 
local  interests  assumed  one-half  the  cost.   No  subsequent  action  has  been 
taken  by  the  local  interests. 
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Later,  in  1928,  the  Army  Engineers  prepared  a  revised  estimate  of  the 
cost  of  improvement  as  far  as  Lowell;  the  total  amount  was  $12,152,100 
exclusive  of  the  cost  of  changes  to  bridges,  power  plants  and  similar 
items.   The  estimated  annual  maintenance  cost  amounted  to  $200,000. 
In  this  report,  the  Chief  of  Engineers  gave  an  adverse  recommendation  ■ 
■because  in  his  opinion  the  benefits  would  not  be  coramens^jrate  with  the 
expenditures. 

The  1915  investigation  included  consideration  of  an  extension  from 
Lowell,  Massachusetts,  to  Manchester,  New  Hampshire,  a  distance  of  35 
miles.   The  findings  of  the  Army  Engineers  led  thern  to  conclude  that  the 
extension  was  impractical  in  view  of  the  cxct^ssive  cost  and  small 
amount  of  commerce  which  would  be  benefited. 

Since  these  reports  v/ere  submitted,  industrial  activities  in  the  manu- 
facturing centers  have  suffered  a  marked  decline.   This  situation,  to- 
gether with  the  fact  that  the  port  of  Boston  is  located  v/ithin  3O  miles 
of  the  center  of  the  district,  with  excellent  railroad  and  trucking 
facilities  available,  makes  extension  of  navigation  facilities  in  the 
Merrimack  River  unwarr.antod  at  present. 

Coastal  fishing  and  pleasure  boating  would  be  facilitated  by  a  canal 
parallel  to  the  shoreline  betTreen  Hampton  Harbor,  north  Of  the  Merrimack's 
outlet,  and  the  Essex  River,  on  the  south.   This  waterway  would  offer  a 
splendid  safe  passage  for  all  types  of  snail  craft  along  25  miles  of  the 
Massachusetts  north  shore  and  the  New  Haiapshire  south  shore.   Channeling 
and  other  inprovenent  along  approximately  12  niles  of  marsh  and  tidal  bays  ■ 
would  provide  this  inland  passage  at  an  estinated  cost  of  less  than  $2,000,000. 

Erosion     The  reconnaissance  survey  of  the  Soil  Conservation  Service  in- 
dicates that  the  problems  of  soil  erosion  in  the  Merrimack  valley  are  neither 
acute  nor  widespread.  Howe\'er,  uncontrolled  erosion  invariably  increases 
the  costs  of  channel  maintenance  and  reduces  the  usefulness  of  dans  and 
reservoirs  because  silt  inevitably  accunulatos.  An  area  exceeding  200 
square  miles  along  the  stream  baiiks  fron  Concord,  New  Hajupshire,  to  Lowell 
is  already  marked  by  occasional  j^lies  caused,  in  part,  by  slight  sheet 
and  wind  erosion.  Another  large  area  subject  to  erosion  extends  into  the 
Wiite  Mountain  foothills  along  the  Balcer  and  Penigowasset  rivers  from  their 
confluence  at  Plymouth.   Moderate  sheet  erosion  exists  on  the  Winnipesaulcee 
and  Soucook  tributaries,  while  stream  bank  erosion,  although  not  severe, 
occurs  sporadically  in  the  unper  and  central  portions  of  the  watershed. 

In  any  case  sheet  erosion  tends  to  become  serious  because  of  its  cumulative 
action.   The  only  corrective  measures  needed  in  the  Merrimack  valley  are 
those  which  autonaticaily  accompany  such  improv.,'d  far::  practices  as  selective 
cutting  of  woodlands,  restriction  of  grazing,  and  contour  plowing. 

Drainage     In  general,  the  rolling  hills  of  the  Merrimack  valley  are  well 
drained,  but  in  the  lowlands  near  lake,  stream,  or  ocean  v;aters  are  to  be 
found  large  tracts  of  swamp  land.  Here  mosquitoes  breed  in  abundance,  and 
when  such  breeding  places  are  within  tl;.e  insects'  normal  flight  range  of 
population  centers  the  resultant  condition  is  obnoxious.   Corrective  measures, 
particularly  drainage,  are  badly  needed  in  Middlesex  Coixnty,  Massachusetts. 


15k 


Recreation     Variation  in  topography  and  density  of  settlement  divides 
the  Merrimack  has  in  into  two  areas,  each  with  its  own  types  of  recreational 
prohlems.   The  mo-on tains,  lakes,  and  hills  of  the  headwaters  present  a 
situation  different  from  that  in  the  industrial  section  of  the  basin  along 
the  main  stream  and  throughout  the  southern  portion  of  the  valley. 

In  the  headwater  sections  of  the  Merrimack,  commercial  recreation  has 
grasped  many  opportunities  to  develop  the  famous  mountain  and  lalze   s-ummer 
playgrounds.   It  is  essential  that  the  scenic  values  inherent  in  the  streams, 
lakes,  and  ponds  he  preserved,  since  these  visual  water  resources  are  often 
the  keystone  of  recreational  appeal.   Moreover,  the  sanitary  condition  of 
vi^ater  todies  must  not  be  permitted  to  threaten  the  health  or  the  pleasure 
of  vacationist,  tourist,  or  juvenile  caiiiper.   The  use  of  many  tributary 
streans  as  refuse  carriers  gives  rise  to  a  problem  of  balances  wherein 
it  is  necessary  to  evaluate  the  recreational  losses  so  incurred. 

The  industrial  districts  in  the  central  and  southern  portions  of  the  valley 
need  additional  recreational  facilities.   Over  much  of  its  course  the  con- 
dition of  the  Merrimack  renders  its  use  for  recreation  inpossible.   This 
condition  must  be  improved;  otherv/ise,  pleasure  outlets  must  be  found  on 
tributary  water  bodies.   In  the  tidal  portion  of  the  Merrinack  the  volume 
of  domestic  wastes  often  produces  a  scum  which  precludes  pleasure  boating. 

Shellfish  on  the  tidewater  flats  at  the  mouth  of  the  river  have  been  af- 
fected by  river  pollution,  two-thirds  of  which  nay  be  attributed  to  local 
communities  and  one-third  to  settlements  farther  upstream.   So  long  as  the 
river  carries  a  heavy  load  of  wastes,  opportunities  to  increase  the  fish 
and  game  population  are  confined  to  the  tributaries  and  to  the  more  northerly 
portion  of  the  Merrimack.  Unless  attention  is  continuously  given  to  their 
protection  and  increase,  the  depletion  of  these  game  resources  will  continue 
to  the  point  of  extinction. 
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TAEL3   III-B 
SLMvU'iEY  OF   STSEAIvI  FLOW  RECORDS  -  IvSRRIMACK  BASIN 


Drainage 

Area 

Location  of  Station 

Square 

Miles 

?!erriir.ack  River  at 

Franklin  Jet.,  N.E. 

1510 

Jarvins  Falls,  N.H. 

2340 

Manchester,  N.H. 

2850 

Lowell,  Mass, 

4424 

Lawrence,  Mass. 

4461 

Pemifewasset  River 

East  Branch  near 

Lincoln,  N.H. 

104 

Ifuml e r  Discharge   in  Cu"bic  Feet   per   Second 

Years 

of  Max.     Min.   i:ean    Peak  Flow 

Record  Day Day    Ann-ual 


31  73,700  250  2,729  83,000 

9(a)  52,490  301  3,770  122,000 

12  132,000  275  4,303  144,000 

14  161,000  199  6,610  173,000 

57(h)  159,000  51  6,661  174,000 


Plymouth,  N.H.  622 

Baker  River 

Near  Ramney,  N.H.  '143 

Smith  River 

Near  Bristol,  N.h.  84 

Dontoocook  River 

Nuhanusit  Brook  at 
Peterboro,  N.E. 

Near  Elmwood,  N.H. 

North  Branch  near 

Antrim,  N.K. 

Black-vater  River  near 

Contoocook,  N.H. 

at  Penacook,  N.H. 

Blackwater  River  at 

l^ebster  129 

Winnipesaukee  River 

Lake  linnepesaukee  Cut- 
let, Lakeport,  N.H.         363 

Souh:egan  River  at 

Merrimack,  N.H.  171 

Suncook  River  at 

North  Chichester,  N.H.      157 

Nashua  River 

So.  Branch  at  Clinton,      109 
Mass. 

(a)  record  terninated  1915 
(h)   record  terminated  1934 
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11,200    32      292    17,000 
57,300   245    1,357    65,400 

12,600    17.4    238    25,900 


6,890 


1.9    300 


12 , 600 


25 


221 


4,720 


48 

n(c) 

830 

0.4 

79 

4,140 

163 

7(d) 

4,500 

4 

300 

4,720 

54 

12 

5,570 

2.9 

92 

6,160 

134 

11 

13,000 

20 

216 

17,000 

766 

3 

46,400 

70 

1,349 

46,800 

17,000 


3       27,600    33      490    27,600 
into  lake 


27       14,200    13      273    16,900 


16       11,000     0.4    218    12,900 


7,200     9.5    183    11,100 


(c)  record  terninated  1931 

(d)  record  terirdnated  1924 
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SUMJ/IAEY  OF  STREAM  FLOW  RECORDS  -  IvIEERIMACK  PAS  IN 


Location  of  Station 


Drainage  Niimber  Discharge  in  Cutic  Feet  per  Second 

Area  Years 

Square  of  Max.     Min.   Mean    Peak  Flow 

Miles  Record  Day Day    Annual 


Nashua  River  (cont.) 

East  Pepperell,  Mass. 

No.  Branch  at 

No.  Leominster,  Mass. 

Concord  River 

Lake  Cochituate  Outlet 
at  Cochituate,  Mass. 

Sudbury  River 

at  Framingham,  Mass. 


433 
107 


18 


1  19,450  9.5  830  20,900 

1  7,530  23.  260  16,300 

74  248  2.4     26.5  ■  248 

62  2,050  0.5  113  2,050 
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TABLE  IV 

EXPLAIO-TORY  NOTES 

Concerning  th^  tatle  of 

SELECTED  DATA  ON  DOMESTIC  AND  INDUSTRIAL  WASTES 

IN  f/IUNICIPALITIES  HAVING^  ORGANIZED  SEWER  SYSTEMS 

Coluirn  1.   Town  or  City.  Municipalities,  arranged  alphabetically, 

where  available  infornation  positively  indicated  the  existence  of  an 
organized  sewerage  system. 

Column  2.   Population  1930-   Entire  population  of  the  civil  division  as 
reported  by  the  193*-*  Census. 

Column  3*   Population  Served.   Best  available  estiiuate  of  the  persons  served 
by  an  organized  system. 

Column  k.      Discharge  in  thousand  gallons  per  day.   The  best  available 
estimate  of  the  volume  of  sewage  discharged. 

Coliunn  5-   Treatment.  Abbreviations,  noted  below,  indicate  the  type  of 
treatment  applied  to  the  domestic  wastes. 

Column  6.   Chief  sources  of  Industrial  Wastes.   The  industries  which  com- 
monly pollute  streams  are  indicated  by  concise  reference  to  the  type  of 
plant,  product  or  raw  material. 


Symbols 

No  inforrae.tion  available 

(P)  Partial 

(s)  Summer  resort. 

(S)  State  Institution 

(U)  College  or  University 

Various  Several  industries  present  with  none  clearly  predominant. 

Milk  Refers  to  pasteurizing,  ice  cream  and  dairy  plants. 

Fart.  Fertilizer  factory. 

Oil  petroleixTi  products;  storage  or  distribution  plants. 

Gas  Illuminating  gas  manufactuj-ing  plant. 

Cannery  Includes  fish  packing. 


Im.  Imhoff  TarJc 

Sp.  Seotic  Tarik 

SP.  Sand  filtration. 

P.  Filtration. 

CP.  Cesspool 

SI.  Sludge  treatment. 

AcSl.  Activated  slu.dgc  plant. 


A. 

Aeration. 

CI. 

ClJ-orination 

St. 

Settling 

Sc. 

Screening  (fine) 

Br. 

Barging  sludge   to  sea, 

Sm. 

Sedimentation 

Ir. 

Irrigation 

SOURCES  OF  niFORMATION 


Unpublished  Do-ta.  State  planning  Boards 
Unpublished  Data,  State  Health  Departments 
Annual  Reports,  State  Health  Departments 
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Ti^BIS   IV-B 


SELECTED  DATA  Oil  DOIffiSTIC   AIH)   niDUSTRIAL  WASTES 
IN  r/KINICIPAlITlES  HAVIFa  CRGA^IIZED  SE'TEB  SYSTEI.IS 
ItSBRrMACK  5ASIII 


Dome 

Stic  Sewa/re 

Industrial 

Popui 

.ation 

Discharge 
thous . 

17a- tes 

Towr.  or  City 

1930 

Serv.jd 

gal /day 

Treatment 

Chief  Sources 

Allenstown,   N.   H. 

1,5^9 

1,250 

lOU 

none 



Boscaweii 

1.359 

Uoo 

36 

none 

— 

Bristol 

1,610 

1,200 

120 

none 

— 

Concord 

25,22s 

20,000 

2,200 

none 

— 

Derry 

500 

200 

none 

— 

Franklin 

6/J76- 

U,500 

30U 

none 

— 

Gilford 

7S3 

— 

— . 

none 

— 

Goffstom 

3.S59 

soo 

72 

none 

— 

Greenville 

1,319 

500 

18 

none 

— 

Henniker 

1,266 

600 

2k 

rione 

— 

Hillstoro 

2,160 

600 

60 

none 

_- 

Fopkinton 

i,US5 

-00 

— 

none 

— 

Hudson 

2,702 

6uo 

2 

nonf 

— 

Jaffrey 

2M3 

1,000 

— 

Sp. 

— 

Laconia 

12,U71 

10,000 

350 

St.    CI.    (P) 

— 

Lincoln 

l,5US 

1,000 

90 

none 

— 

Manchostor 

76,&'3U 

57.000 

3,705 

none 

— 

Morriraack 

l,OSU 

200 

none 

— 

Mi If or d 

U.06S 

■^,000 

ISO 

none 

— 

Narhua 

31,^63 

2!+,  000 

1,7^0 

none 

— 

Ne\7  London 

S12 

700 

77 

Ira.    SP. 

— 

Northfield 

1.3?6 

800 

25 

none 

— 

Pemtroko 

2,792 

1,800 

1U9 

none 

— 

Poter  "borough 

2,5'"1 

300 

27 

Sp. 

— 

Pittsfield 

2,015 

600 

52 

none 

— 

Plymouth 

2,U70 

1,'400 

1U7 

none 

— 

Tilton 

1,712 

1,200 

120 

none 

— 

Warner 

1,062 

600 

15 

none 

— 

Wilton 

1,72^ 

•     800  • 

220 

none 

— 

WolfG"boro 

2,358 

1,500 

16 

Sp. 

— 

Woodstock 

756 

2,000 
Services 

" 

" 

Araestury,   Massachas- 

ebts   11, 89 J 

— 

— 

none 

— 

Andover 

9,969 

— 

— 

none 

— 

Billerica 

5,S80 

— 

306 

SP. 

— 

Clielinsford 

7,022 

— 

233 

none 

— 

Clinton 

12,817 

1,932 

i,U69 

Sm.SF. 

Various 

Concord 

7,^77 

751 

569 

SF. 

— 

Fitchlfurg 

Uo,692 

3,063 

Im.  F. 

Paper  &  others 

Pramingham 

22,210 

3,6U5 

1.309 

iifi.  sr. 

— 

E:,.verhill 

Ucjio 

none 

— 

Hudson 

S,U69 

i,i6U 

627 

Sm.    SF. 

Woolen 

La^rrence 

85. 06s 

— 

— 

none 

— 

Leominster 

21.310 

— 

2,000 

none   (l) 

Plastics  &.  paper 

129 


MEBHIiaCK  mVSR  BASIIJ   (con't) 


Domestic  Sewast 

Indus  trial 

Discharge 

Wastes 

Pop. 

thous. 

Town  or  Citv 

1930 

Services 

gal/ day 

Treatnent 

Chief  Sourc. 

Lowell,  Mass. 

100,234 



5>52l 

none 

Marlboroiagh 

15.537 

— 

909 

Sm.  SF. 

Maynard 

7,156 

Uoo 

362 

Ira.  F.  Sm. 

Methuen 

21,069 

-^ 

none 

Natick 

13.5S9 

l,6S5 

768 

In.  r.  Sm. 

Newburyport 

i5,ogl+ 



none 

IJorth  Andover 

6,961 





none 

Salisbury 

2,194 





none 

Westborough 

6.4C9 

613 

271 

SF. 

II 

(1)    Treatnent  plant  under  construction 
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EXFLAJATORY  NOTES 
concerning  tables  of  the 

ORG-AiaZED  MTER  SUPPLY  SYSTELIS 


Colujun  1.  To;7n  or  city.  Mviriicipalities,  arranged  alphabetically,  where 
available  information  indicates  the  existence  of  an  organized 
public  or  semi-public  water  supply  system. 

Coliunn  2.  Population  193'"-'-  Entire  population  of  the  civil  division  as 
reported  by  the  l^JiO-   census. 

Column  3.   Population  Served.   Best  available  estimate  of  the  persons 
served  oy  an  organized  system  (as  for  the  year  I936). 

Column  4.   Consumption  in  thousand  gallons  per  day.   Best  available 
estimate  of  the  normal  daily  requirement. 

Column  5*   Sources  of  supply.   Tlie  type  of  source  drawn  from  is  indicated 
by  symbols:-  R.  for  Reservoir,  Pond  or  Lake;  W.  for  Wells, 
either  deep  or  shallow;  Spr.  for  Spring;  Str.  for  Streams. 

Column  6.   Watershed  area  in  square  miles.   3est  available  estimate  of 
the  drainage  area  upon  which  the  water  supply  is  dependent. 

Column  7*  Capacity  in  millions  of  gallons.  Beet  available  estimate  of 
the  quantity  of  water  stored  by,  or  inmediately  available  to, 
the  municipal  supply. 


Column  S. 


Type  of  Treatment.  Available  information  concerning  the 
methods  used  to  improve  the  quality  of  the  water  served. 


SYI\IBOLS 


(2), 


(S) 

(T) 

(U) 
(s) 
(a), 


etc.   Numerals  enclosed  in  parentheses  indicate  the  number  of  sepstrate 
water  supply  systems  which  serve  the  municipality.   Where  there 
is  only  one  system  no  symbol  is  necessary. 

Includes  State  institution 
Includes  Summer  population  served 
Includes  College  or  School 
Provides  Summer  service  only 
(b),  etc.   Letters  enclosed  in  parentheses  linlc  civil  divisions  served 
by  the  same  water  source :- 

In  col-umn  3  and  U  they  link  iminicipalities  where  available  in- 
formation does  not  give  the  nvunber  served  in  each  town. 
In  column  5  letter  indicates  that  the  civil  division  imports 
water. 

In  column  b  and  7  letter  indicates  that  the  civil  division  ex- 
ports water. 

Letters  linl<:  miinicipalities  within  one  state  and  basin; 
cross-references  between  basins  or  states  appear  in  footnotes. 
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l.'tymbols  (continued) 


A. 

Aeration 

K. 

Activated  carbon 

Al. 

Alum 

L. 

Lime 

AlSl. 

AluminujTi  sulphate 

MF. 

Mechanical  filter 

Am. 

Ammonia 

FY. 

Pressure  filter 

AmSl. 

Ammonium  sulphate 

pH. 

Correction  of  reaction 

AS. 

Alum  -  Soda.  Ash 

EF. 

Eapid  filter 

CC 

Corrosive  correction 

S. 

Soda  ash 

01. 

Chlorine 

SF. 

Slow  filter 

Co. 

Coagulation 

Sm. 

Sedimentation 

CiiSl. 

Copper  sulphite 

So  01. 

Sodiom  hypochlorite 

F. 

Filtei-  • 

St. 

Storage  of  protective 

IE. 

Iron  removal 

significance. 

SOimCES  0 

F  lOTORiaTIOIT 

Unpublished  Data,  State  Planning  5oa.rds 
Uiipublished  Data,  State  Health  Departments 
Annual  Eeports,  State  Health  Departments 
Annual  Eeports,  Public  Utilities  Commissions 
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TABLE  yi-B 
EXISTING  WATER  POWEE  -  ICEKRIIUCK  BASIN 


RIVER 

NO. 

OF 

CAPACITY  OF  PLANTS  OF 

CAPACITY  TTSED 

FOR       C 

TOTAL 

PLANTS  11^ 

;afacity 

over 

1,000 

to 

under 

Horse- 

;.K. 

Ms. 

10 

,000 

HP. 

9,990 

HP. 

1,000  HP 

.  Utility  Mfg. 

power 

WiEERIMACK 

85 

42 

109 

,260 

54,883 

30,156 

65,792 

128,507 

194,299 

Main  Stream 

4 

3 

96 

,050 

■  8,400 

0 

19,630 

84,830 

104,460 

Pemigewasset 

12 

0 

13 

,200 

6,300 

2,635 

16,975 

5,160 

22,135 

Winnepesaulcee 

18 

0 

0 

2,560 

4,420 

2,960 

4,020 

6,980 

Coritoocook 

29 

0 

0 

7,250 

8,504 

6,975 

8 ,  779 

15,754 

Suncook 

6 

0 

0 

2,785 

1,635 

0 

4,420 

4,420 

Piscataquog 

4 

0 

0 

8,850 

335 

8,850 

335 

9,185 

Souhegan 

7 

0 

0 

0 

2,755 

665 

2,090 

2,755 

Nashua 

1 

5 

0 

14,918 

617 

5,417 

10,118 

15,535 

N.  Branch 

0 

18 

0 

0 

4,030 

500 

3,530 

4,030 

Concord 

0 

9 

0 

1,650 

1,950 

1,650 

1,950 

3,600 

Others 

4 

7 

0 

2,170 

3,275 

2,170 

3,275 

5,445 
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T^iBLS  VI I -B:   EXISTING  STORAGE 
MERRIMACK  MS  IN 


Drainage 

Water 

Storage 

Storage 

Area 

Surface 

Capacity 

Equivalent 

Sq.Mi.  . 

Sq.Mi. 

Acre-feet 

Inches  of  Runoff 

Sqiiam  Lake 

5S  . 

I.U5 

1+5,800 

ik.Z 

Newfound  Lake 

91 

g.O 

27,500 

5.7 

L.  V^entwortn  (Bmith  Pond) 

37 

k.z 

16,000 

Merryraeetin,^  Lake 

13 

l.g 

13,300 

Lalce  Winnipesainkee 

313  . 

72.0  , 

160,300 

11.7 

LaJce  Winnisquam 

6^ 

6.0 

6,500 

2.1 

Estimated  Total 


5,000 


Massatesic  Lake  (W. S.) 

Wachusett  Reservoir  (W.S.)    118 

Sudtury  River  Reservoirs  (W. S.)92.8 


3.9 
6.5 


Estimated  Grand  Total 


5,000 


183 


307,000 

73,000 

199,200 

U8,500 

630,000 


1.15 


2.U 


NOTE:   Storage  equivalent,  in  inches  of  runoff,  is  computed  on  a  basis  of  all 
storage  above  point  in  question. 
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MASSACHUSETTS  COASTAL  BASIFS 


19S 


a  -  Ipswich  Hiver 
"b  -  Charles  River 
c  -  Neponset  River 


laSSACHUSETTS  COASTAL.  BASIKS 


l^-r.  DelC'O^ifn/ 
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I»JASSA.CHUSSTTS  COASTAL  BASINS 


gEITERAL  DESCRIPTION 

The  Massachusetts  Coastal  Basins,  comprising  that  portion  of  Massachusetts 
which  drains  into  Massachusetts  Bay  on  the  east,  and  into  Buzzards  Bay  on 
the  south,  has  an  area  of  about  I9OO  square  miles,  roughly  30^0  of  the  area 
of  Massachusetts.   It  has  an  Ocean  front  of  ahout  1,000  miles  and  extends  in- 
land for  a  raaxim\m  distance  of  ahout  thirty  miles,  averaging  between  10  and 
20  miles. 

The  area  lies  in  a  coastal  lowland,  with  low  undulating  hills  in  the  northern 
and  western  parts  and  ;nany  lenticular  hills,  ranging  between  100  and  200  feet 
in  altitude,  in  the  central  portion  surrounding  the  Boston  Metropolitan  area. 
To  the  south  of  Boston  the  topography  is  gently  rolling,  vdth  occasional  flat 
areas.   The  watershed  lines  between  the  several  small  sub-basins,  as  well  as 
the  adjoining  basins  of  the  Merrimack  and  Taunton  rivers,  are  not  clearly  de- 
fined. Many  areas  in  the  region  contain  'swampy  or  poorly  drained  land. 
The  bedrock  formation  is  principally  granite,  which  appears  in  outcrops  at 
the  surface.   In  general  this  bedrock  is  covered  by  gls,cia.l  deposits  of  gravel 
and  sand.  Although  not  an  agricultiiral  area,  the  deposits  of  sandy  loams, 
chiefly  in  flat  bgttom  lands,  pro\!a.e  much  fertile  soil  which  is  used  for 
extensive  truck  farming  a:id  ill  so  for  subsistence  farming. 

This  section  of  Massachusetts  is  the  most  heavily  populated- and  industrial- 
ized in  New  England;  nearly  a  third  of  its  total  area  is  classified  as  urban. 
Almost  the  entire  coastline  is  developed  for  recreation,  though  most  of  it  is 
privately  controlled.  The  rural  parts  of  the  basin  are  mostly  faru  land,  and 
nearly  50^  of  the  entire  basin  nay  be  classed  as  woodland,  a  largo  proportion 
of  which  has  been  burned  over  and  cut  over  so  often  that  tne  timber  is  of  no 
comnercial  value  other  than  for  fuel.  On  Cape  Cod,  where  the  soil  is  largely 
sandy,  there  is  extensive  scrub  growth  of  pine  and  oak. 

The  average  annual  rainfall  in  the  basin  is  about  kZ   inches,  ranging  from  39 
inches  at  Provincetown,  at  the  outor  end  of  Cape  bod,  to  nearly  hf   inches  at 
Blue  Hill  Observatory,  immediately  south  of  Boston.   The  tenperature  averages 
about  68^  in  sunner  and  28~^  in  winter,  with  somofiiiat   cooler  suiriners  and 
milder  winters  on  Cape  Cod  imd.   the  islands  along  the  shore  than  elsewhere  in 
the  basin.  ' 

About  a  dozen  snail  strear.'.s  drain  into  the  ocean,  the  most  important  of  ?/hich 
are  the  Ipswich,  Charles,  and  Neponseit  rivers. 

The  Ipswich  Kiv^^r  rises  in  Burlington,  in  Middlesex  County,  about  I5  miles 
north  of  Boston,  and  flows  generally  northeast  tnrough  loiv  agric^oltural  and 
residential  land  to  the  Atlantic  Ocean,  which  it  enters  at  Ipswich,  just 
north  of  Cape  Ann.   Its  drainage  area  is  about  I50  square  railes;  its  length, 
about  32  miles.   The  watershed  contains  many  small  lakes  and  ponds,  as  v/ell 
as  numerous  marshy  meadows  along  :iuch  of  its  course.   In  general  the  basin 
is  flat,  with  no  hills  rising  higher  than  UOO  feet.   There  is  little  fall 
in  the  river,  and  the  flow  is  normally  sluggish. 


The  Charles  Eiver  rises  in  the  town  of  Hopkinton,  about  25  miles  southwest 
of  Boston  and  a  short  distance  north  of  the  Ehode  Island  state  line.   It 
follows  an  extremely  meandering  course  for  about  65  miles,  although  the  air- 
line distance  from  its  source  to  the  lower  dan  at  Watertown  is  only  about 
20  miles.   From  Watertown  to  Boston  Harbor,  a  distance  of  8^   miles,  the 
river  was  formerly  tidal;  however,  a  dam  at  the  mouth  of  the  river  now  m.ain- 
tains  a  constant  water  level  in  what  is  known  locally  as  the  "Charles  Eiver 
Basin". 

Tlie  drainage  area  above  the  lower  dam  in  Watertown  is  about  270  square  miles. 
Flo";?  equivalent  to  that  from  about  68  square  miles  is  diverted  from  the 
Charles  Kiver  basin  into  the  Neponset  Eiver  basin  through  a  canal  to  Mother 
Brook,  a  tribn.tary  of  the  Neponset.  This  diversion  dates  back  to  1798  when 
rights  were  granted  to  the  proprietors  of  mills  on  Mother  Brook,  in.Dedham, 
to  use  one-third  of  the  flow  of  the  Charles  Eiver  above  the  point  of  diver- 
sion, located  in  ;Dedham. 

The  basin  is  from  7  to  10  miles  wide  in  the  lower  portion,  narrowing  to  5 
miles  in  the  central  part  and  broadening  to  a  maximum  of  15  m.iles  tov7ard  the 
headwaters.   There  are  few  high  elevations  in  the  basin,  the  hills  seldom 
rising  more  than  300  to  400  feet  above  sea  level  and  none  so  high  as  600 
feet.   There  are  numerous  ponds  in  the  watershed,  none  of  which  is  large, 

.The  Neponset  Eiver  rises  in  Neponset  Eeservoir,  in  the  town  of  Foxboro,  and 
flows  in  a  northerly  and  northeasterly  direction  to  Dorchester  Bay,  an  arm 
of  Boston  Earbor.   It  has  a  length  of  about  24  miles  and  drains  an  area  of  about 
115  square  miles.  By  reason  of  the  diversion  of  flow  from  the  Charles  Eiver 
into  Mother  Brook,  an  additional  63  square  miles  should  be  included  in  the 
Neponset  drainage  area,  making  the  total  area  about  183  square  miles. 

The  watershed  contains  a  number  of  ponds  and  reservoirs,  as  well  as  a  large 
amount  of  swamp-land.   The  largest  swamp  area,  known  as  the  Fowl  or  Great 
Meadows,  covers  about  3662  acres.  Much  of  this  marsh-land  has  been  re- 
claimed by  the  State  Department  of  Health. 

Discharge  records  liave  been  kept  for  abo^it  six  years  by  the  U.  S.  Geological 
Survey,  in  cooperation  with  the  State  of  Massachusetts,  at  a  gaging  station 
near  Ipswich,  on  the  Ipswich  Eiver,  and  at  Waltham,  on  the  Charles  Eiver. 
Eecords  at  both  stations  are  too  short  to  afford  adequate  bases  for  close 
determination  of  the  average  annual  yield  of  the  basins;  such  records  as 
are  available  indicate  that  the  annual  runoff  from  the  Ipswich  basin  is 
about  1.65  cubic  feet  per  second  per  square  mile,  and  from  the  Charles  basin, 
about  3.44  cubic  feet  per  second  per  square  mile.   Eecords  of  the  flow  of 
Mother  Brook  at  Dedliam,  Massachusetts,  kept  for  the  osst  5  years,  show  an 
average  discharge  of  90.4  cubic  feet  per  second.   The' f  igiares  in  Table  III-C 
are  summarized  from  unpublished  records  of  the  U,  S.  Geological  Survey  at 
Boston,  Massach'jsetts,  and  from  the  Survey's  Water  Supply  Papers  covering 
Part  I  -  North  Atlantic  Slorie  Basins. 
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HTJMM  OCCUTANCY 

Population     This  region,  comprising  nearly  ZOfo   of  the  area  of  Massachusetts, 
had  a  population,  in  1930,  of  2,416,000.   By  1935  this  number- had  increased  to 
2,485,000,  almost  three-fifths  of  the- total  state  population.   Fully  90^  of 
the  population  is  classed  as  urban. 

About  one  half  of  the  total  area  and  nearly  95^  of  the  total  population  are  in 
metropolitan  districts,  as  defined  by  the  U.  S.  Bareau  of  the  Census;  specifi- 
cally, the  basin  includes  most  of  the  Boston  Metropolitan  District  and  small 
Dortions  of  the  Lowell-Lawrence  and  Providence- Pall  Eiver-New  Bedford  Districts 
The  remaining  territory  consists  of  small  towns  and  rural  areas. 

The  region  has  a  high  population  density,  1,070  persons  per  square  mile,  or 
double  the  density  for  the  state. 

Metropolitan  Boston,  containing  2,384,465  people  in  1935,  is  a  thickly  settled 
urban  and  suburban  district.   It  includes  in  addition  to  many  smaller  commun- 
ities four  cities  of  more  than  100,000  population:   Boston,  817,713,  Cambridge, 
118,075,  Lynn,  100,909,  and  Somerville,  100,773.   Outside  Metropolitan  Eos- 
ton,  New  Bedford  (pop,,  110,022)  is  the  only  city  of  over  100,000.   The  num- 
bers of  cities  and  towns  in  the  basins,  in  various  ponulation  groups  as  of 
1935  are: 

ITurber 

Over     100,000  5 

25,000     to     100,000  13 

10,000 '    to        25,000  26 

5,000     to       10,ono  18 

2,500     to  5,000  21 

Eastern  Massachusetts,  with  the  exception  of  some  towns  outside  of  the  metro- 
politan districts,  has  gained  consistently  in  population,  although  at  a  dimin- 
ishing rate,  since  1900,  and  more  rapidly  than  the  state  as  a  whole.   The 
relative  growth  of  communities  between  1920  and  1930  is  shown  on  Map  7.   Com- 
parative rates  of  increase  of  population  areas  were: 

Period         State         Mass. Coastal  Basins      Metropolitan  Boston 

1930-1935         2.4/o  2.S/o  3.3/o 

1920-1930        lO.ifo  11.5fo  14.9fo 

Judging  by  the  diminishing  rate  of  growth  o-^   the  entire  state  and  by  past 
trends  in  various  areas  within  the  state,  it  is  evident  that  increase  in  the 
population  of  the  Massachusetts  Coastal  basins  will  not  continue  at  so  high  a 
rate  as  in  the  past.   Based  on  the  state  population  in  1935  of  4,351,000,  a 
predicted  estimate  by  competent  authorities  is  4,623,000  for  1960,  an  in- 
crease of  275,000  in  twenty-five  years,  or  less  than  3%   per  decade.   On  ac- 
count of  the  concentration  in  this  eastern  section  its  relative  increase  will 
undoubtedly  be  greater  than  that  in  other  parts  of  the  state,  and  the  major 
portion  of  the  new  population  will  probably  be  locater"  in  the  iretropolitan 
districts. 
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Asriculture  The   rural  population  of  the   basin  is   less  than  one- tenth 

of  the  total.  In  Barnstable  county,  however,  the  rural  proportion  is 
about  two-thirds,  and  the  greater  part  of  this  population  is  in.  the  non- 
farm  class.  Nevertheless,  farming  activities  are  generally  intensive, 
especially  dairying,  fruit  growing,  truck  gardening  for  local  markets 
and,  in  the  Cape. Cod  section,  cranberry  cultivation.  The  cranberry 
crop  yields  a  substantial  revenue  and  constitutes  about  tyro-thirds  of 
the  production  in  the   entire   country. 

A  higher  rate   of  increase   in  the   rxiral  non-farm  element  and' a  tendency 
to    spread  beyond  the   existing  suburban  limits  are   in  evidence   as   results 
of   the   widespread  use   of   the   automobile.      In  the    thickly- settled  areas 
the   inordinate  .demand  for  farm  products  will  probably  encourage    the   es- 
tablishment of  more    small  poultry  and   truck  farms;   howeve.r,    no   significant 
changes  in   the   types  of  farming  activity  are   anticipated. 

Industry  The  northern  portion  of   this. region  is  highly  industrialized. 

In   the    southern  part    the   only  large   industrial   center  is  New  Bedford  -   the 
leading  city  of  New  England  in  the.  production  of  fine   cotton  fabrics. 
Cape  Cod,    primarily  a  recreation  region,   has  practically  no  manufacturing. 
The  basin  as  a  whole   contains  a  wide   variety  of  manufacturing  interests 
and  accounts  for  about   fifty  percent  of   the  value   of  products  manufactured 
in  Massachusetts. 

The   decrease   in  industrial  activity  in  the   manui<?cturing  cities  of   this 
area  between  1527   and  1933   ^.as  approximately  the    same  as   the   average 
decrea,se   in  the  United   States  as  a  whole,    although   some   centers,    such 
as  Lynn   (a  shoe   city)    and  New  Bedford   (a  textile   city),    lost    slightly 
more.      There   isj   however,   a  wide   diversity  in  industries   in   the  raetrj- 
politan  districts,    and  in  cities  of   specialized  manufacturing  efforts 
are  being  made    to   introduce   diversified  lines   to   a  gre-^ter  degree. 
This  will  undoubtedly   tend  to    stabilize   employment  and  will   lead  to   a 
more   consistent  growth  in  manufacturing. 

Mining  Granite   ma.y  be   quarried  almost  anywhere    in. this   region  ex- 

cept on  Cape   Cod  and  Nantucket  and  Martha's  Vineyard  Islands.      The 
quarries  at  Quincy  and  Rockport  account  for  a  large . share  of   the 
granite  production  of  Massachusetts,    which  exceeds   that  of  any  other 
New  England   state.      There  are   no   other  minerals   quarried  or  mined  on 
a  commercial   sccale.      No   change   is   anticipated   in   stone  production 
beyond  a  nr^tural  txnansion  which  may  possibly  accompany  increased 
activity  in  the   construction  field. 

Lumbering  Th^re   is  practically,  no.  lumber  production  in   this  part   of 

Mass- chusatts,    and   the    sale   of  forest  products  .accounts   for  only  20 
of  farm  income. 

Fishing  This, region  contains,    in  Boston,    the  principal  fishing  port 

of   the  United  States.      Gloucester  is   the    second  port   in  importance. 
In  153^  the  value   of  the   catch  brought  into   these    two  ports  rjnounttd 
to   nisarly  $8,000,000,    about  one   half  of   tht;   totnl  value   for  the    six  New 
England   states  or   for   the  entire  Pacific   Const.      Province to->vn,    on  Mas- 
sachusetts Bay,    and  New  Bedford,    on  Buzzards  Bay,    are   other  importnnt 
bases   for  commercial   fishing.      Although  most    if  the   fishing  is  done  on 
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the  banks  far  off  the  coast,  there  is  in  Massachusetts  Bay  a  large  amount 
of  shell  fishing,  which  is  seriously  affected  at  many  points  by  pollution 
resulting;  from  the  sewage  discharged  by  large  metropolitan  areas  and 
local  communities.   Relief  from  this  threat  to  the  fishing  industry  is 
essential  from  both  the  economic  and  the  health  standpoint.   Commercial 
organizations  hope  to  Dring  about  expansion  of  the  fishing  industry  by 
broadening  its  market  and  increasing  the  variety  of  prepared  fish  products. 
The  best  means  of  accomplishing  these  ends  are  now  being  investigated. 

Recreation     This  basin,  vjhere  there  is  the  greatest  concentration  of 
population  in  Kew  England,  includes  one  of  the  most  favored  recreational 
areas  on  the  Atlantic  seaboard.   Metropolitan  Boston  is  the  fifth  largest 
metropolitan  district  in  the  country,  both  as  to  area  and  population; 
the  North  Shore,  South  Shore,  Cape  Cod  and  Buzzards  Bay  together  represent 
one  of  the  most  highly  developed  recreational  regions  in  the  United  States. 

The  publicly-owned  land  devoted  to  recreation  in  the  basin  is  extensive, 
but  the  value  of  the  private  land  developed  for  the  same  purpose  is 
probably  uneq-'jaled  in  any  other  one  section  of  equal  size  in  the  country. 
The  recreational  opportunities  of  the  urban  population  and  the  invest- 
ments of  summer  residents  are  both  threatened,  however,  by  the  extensive 
pollution  along  much  of  the  basin's  shore. 

Extensive  areas  are  closed  to  shell  fishing  in  the  following  localities: 
Newburyport,  Ipswich,  Rockport,  Gloucester,  Manchester,  Danvers,  Beverly, 
Salem,  Marblehead  and  frou  lynn  to  Winthrop  on  the  North  Shore;  Boston  Harbor, 
Cohasset,  Kingston  and  Plj'Tiiouth  on  the  South  Shore;  Provincetown,  Chatham  and 
Barnstable  on  the  Cape;  and  Wareham,  Mat tapoi sett,  Fair  Haven,  New  Bedford  and 
Dartmouth  on  Buzzards  Bay.  Pollution  has  rendered  these  waters  too  unher.lthy 
for  shellfish;  in  fact,  safety  for  bathing  is  dubious. 

The  shortage  of  publicly-OTmed  beaches  for  the  use  of  the  millions  living  in 
the  basin  has  been  widely  acknowled^.^ed.   There  are  seven  state-owned  beaches, 
but,  as  the  Progress  Report- (I936)  of  the  Massachusetts  State  Planning  Board 
states,  "these  shore  reservations  arc  far  from  adequate  to  serve  the  existing 
and  potential  demands."   The  report  recommends  the  acquisition  of  six  ad- 
ditional beaches  in  th;3  basin.   Unfortunately,  no  favorable  action  has  yet 
been  taken  by  the  legislature  on  this  essential  program. 

The  Neponset  River  is  so  polluted  by  industrial  waste  that  its  recrea- 
tional use  is  hampered.   Conditions  in  the  Mystic  River  are  somewhat 
similar.   In  the  Charles  River,  imicn  is  used  extensively  for  recreation, 
pollution  frorj  sewage  and  industrial  plants  exists  to  a  less  degree,  but 
additional  improvement  in  its  condition  is  desirable  for  the  greatest 
utilization  of  its  recreational  possibilities. 

The  concentration  of  population  witiiin  the  basin  necessitates  the  ful- 
lest use  of  .all  recreational  opportunities.   Acquisition  of  shore  areas 
for  bathing  and  protection  of  stre.-xns  and  beaches  from  pollution  is  es- 
sential to  any  balanced  program  of  recreational  development  in  the  basin. 
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Transportation     Water  transportation  is  almost  entirely  limited  to 
ocean  waters.   Of  several  seaports,  Boston,  one  of  the  principal  ports 
of  the  country,  is  the  largest.   It  is  bein.i;  provided  with  a  UO-foot 
ship  channel  arid  has  extensive  docks  and  warehouses  and  several  trunk 
line  railroad  connections.   Its  terminal  facilities  are  more  than 
adequate  to  meet  the  volume  of  traffic  in  the  harbor,  but  channels  to 
docks  and  wharves  need  to  be  improved. 

New  Bedford,  on  tne  southern  coast  of  the  region,  is  the  second  port  of 
importc'ince;  here  are  a  30-foot  channel  and  ample  facilities.   Gloucester, 
Salem,  Lynn  and  Provincetown  are  minor  ports  used  principally  by  local 
coast-wise  traffic. 

The  only  inland  route  of  consequence  is  the  Cape  Cod  Canal  connecting 
Masraciiusr-tts  Bay  v/ith  Buzzards  Bay,  and  shortening  the  route  from 
Boston  to  Neu  York  by  about  GO   miles.   There  is  one  other  inland  route  - 
a  canal  across  the  base  of  Cape  Ann,  connecting  G-loucester  and  Annisquam 
harbors,  which  is  used  primarily  oy   fishing  and  pleasure  craft. 

The  Mystic,  Neponset  and  TTeymouth  Fore  rivers,  tnc  tidal  portions  of  which 
are  essentially  arras  of  Boston  Harbor,  are  liavigajle  for  only  short  dis- 
tances from  the  harbor;  they  are,  however,  commtrcially  importrnt  parts 
of  the  Port  of  Boston.   The  remaining  streams  of  the  region  have  no 
transportation  veJ.ue. 

This  region  is  covered  with  a  vast  number  of  high-.;ays  and  secondary 
roads.   The  principal  long-distance  routes  radiate  from  Boston,  and 
on  account  of  the  dense  local  traffic  are  seriously  congested  at  many 
points.   The  principal  need  .of  the  region  is  for  trunlc  routes  of  modern 
design  for  through  traffic  that  will  by -pass  thickly  settled  areas. 
This  need  is  most  evident  in  connection  i;\-ith  north  and  south  movements 
through  this  section,  and  Y\dth  traffic  going  around  Boston. 

Eastern  Massachusetts  is  covered  v/ith  a  netv/ork  of  railroad  lines, 
centering  at  Boston.   This  network  ;¥as  originally  composed  of  u.   large 
number  of  independent  local  roads.  Upon  consolidation  into  the  present 
systems  man^'-  of  these  lines  were  found  to  be  unprofitable,  and  the  result 
has  been  a  gradi.ial  curtailment  and  often  abandonment  of  service.   However, 
the  remaining  lines,  together  with  the  bus  and  truck  services  which  have 
usually  been  established  to  replace  any  discontinued  railroad  lines, 
provide  adequate  transportation  facilities  in  practically  all  parts  of  the 
region. 

Scheduled  air  transport  service  is  provided  from  the  Boston  airport  to  a 
majority  of  the  important  cities  of  New  Erglajid  and,  through  connections 
at  Newark  and  Albany,  to  the  national  airline  network.   In  addition,  the 
trans -Atlantic  air  service  soon  to  be  established  may  include  Boston  as 
a  stop  on  some  trips.   In  the  vacation  season,  scheduled  service  is  pro- 
vided from  Boston  and  New  Bedford  to  Cape  Cod  points,  Martha's  Vineyard 
and  Nantucket.   Additional  air  travel  facilities  are  provided  by  charter 
service  at  the  MOrc  important  airports.   Tvhile  there  o,re  numerous  landing 
fields  in  this  area,  inprovenent  of  many  of  then  is  needed  to  provide 
adequately  for  aviation  operations. 
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Pollution     Bae  Eoston  Metropolitan  District,  comprising  the  city  of 
Boston  and  its  suburbs,  is  served  by  a  system  of  intercepting  and  main 
outfall  sewers  operated  by  the  city  of  Boston  and  by  the  Metropolitan 
District  Commission.   Hiere  are  three  uiain  sewerage  systems  which  discharge 
their  sewage  through  three  long  outfall  sewers  into  Boston  Harbor,  without 
treatment,  other  than  coarse  screening  and  dilution.   This  method  of  dis- 
posal is  unsatisfactory,  and  eventually  additional  treatment  will  become 
necessary. 

Many  of  the  existing  intercepting  and  trunk  sewers,  designed  many  years 
ago  to  serve  populctions  materially  less  than  those  now  tributary  to  them, 
are  of  too  limited  capacity  to  handle  adequat^^ly  the  present  quantities. 
In  many  places  in  the  district,  relief  tr.xnk  sewers  are  needed  to  reduce 
the  volume  of  sewage  now  overflowing  into  the  rivers  and  tidal  estuaries. 
No  adeqiiate  plan  of  construction  of  relief  sewers  and  appurtenant  works 
has  yet  been  prepared,  but  before  any  major  construction  program  is 
started  comprehensive  engineering  studies  should  be  undertaken. 

Similar  extensive  improvements  are  needed  in  the  areas  outside  the  Boston 
main  drainage  district,  principally  in  the  Charles  and  Mystic  River  valleys, 
which,  for  the  greater  part,  are  within  the  Metropolit.an  Sewerage  District. 
Legislative  reports  have  oeen   made  on  many  projects  det-.igned  to  relieve 
overloaded  trunk  sewers  along  these  river  valleys.   In  the  North  Metro- 
politan area,  one  major  relief  sewer  is  now  -under  construction  and  other 
similar  projects  are  knowTi  to  be  needed. 

In  its  upper  reaches  the  Charles  River  receives  rela.tively  large  amounts 
of  mixed  wastes  from  Franlciin  and  Medw^i^',  and  incompletely  purified 
sewage  from  Milford.  The  effects  of  these  wastes  are  especially  noticeable 
at  these  points  but,  throw>h  natural  piu-if ication,  the  qiiality  of  the  water  is 
greatly  improved  before  it  reaches  the  lower  end  of  the  river,  and  is  not  ob- 
jectionable in  the  Charles  River  Basin.   However,  occasional  storm  overflows 
in  the  lower  portion  of  the  valley  contaminate  the  v/attr. 

The  Mystic  River  and  its  tributaries  are  also  in  an  unsatisfactory  condition 
due  to  industrial  wastes  ,'jL'-;d  sewage  overflows.   Th;.  enlargement  and  extension 
of  sewers  of  the  North  Metropolitan  District  v/o-old  aid  materially  in  the 
abatement  of  pollution  in  the  Myotic. 

The  Neponset  River,  which  flows  through  the  South  Metropolitan  District,  is 
primarily  an  industrial  stream,  and  analyses  of  the  water  show  that  there  is 
pollution,  due  largely  to  color  and  suspended  solids  in  industrial  wastes. 
However,  partial  relief  in  this  valley  has  been  effected  by  the  extension  of 
sewers  of  the  South  Metropolitan  District. 

A  special  Joint  Comraissiou  was  authorized,  under  a  legislative  resolve  of  1935. 
to  investigate  the  discharge  of  sewage  into  Boston  Harbor  and  its  trib- 
utaries.   The  recent  report  of  this  Joint  Commission  stated:    "The 
investigation  showed  that  much  of  the  North  Metropolitan  Sewerage  System 
is  inadequate  in  capacity  to  receive  the  storn  water  and  domestic  sewage 
tribu-tary  to  this  system,  and  inadeq-oate  to' receive  the  domestic  .sewage 
and  industrial  wastes  in  some  parts  of  the  system."   In  this  connection, 
the  Joint  Commission  recoi-unended  the  inauguration  of  a  program  to  remove 
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storm  water  from  the  IJorth  Metropolitan  Sewerage  System,  the  South 
Metropolitan  Sewerage  System  and  the  Boston  Main  Drainage  System.   The 
Commission  recommended  legislation  requiring  construction  of  sewers  and 
appurtenances  for  preventin,^  storm  waters  from  entering  the  three  systems. 

The  investi;^ation  covered  also  the  matter  of  the  treatment  of  sewage  hefore 
its  discharge  into  the  harhor.   Investigation  did  not  disclose  serious  pol- 
lution in  the  harbor,  except  in  the  vicinity  of  the  three  main  outfalls, 
hut  evidence  of  pollution  was  ohtained  on  adjacent  shores,  where  it  had 
been  carried  by  tides  and  winds.   The  opinion  of  the  Joint  Commission  was 
stated  in  the  re;port  to  be  that  "the  condition  of  Eoston  Harbor  has  not 
reached  such  a  state  as  to  be  dangerous  to  public  health,  and  the  Special 
Commission  cannot  therefore  recommend  that  treatment  works  be  provided 
at  this  time,  but  is  of  the  opinion  that  the  population  residing  in  the 
vicinity  of  ?oston  Harbor  will  soon  demand  a  change  in  spite  of  the  fact 
that  the  present  conditions  are  not  dangerous  to  the  public  health.  -To 
meet  these  demands  works  for  treating  the  sewage  and  for  disposing  of  the 
sludge  will  have  to  be  provided. " 

In  some  of  the  outlying  areas  in  the  Boston  Metropolitan  District  there 
are  torms  of  considerable  size  which  are  without  sewerage  systems,  and 
the  streams  rjjid.   tidal  estuaries  draining  such  places  are  highly  polluted. 
Many  of  these  places  lie  within  a  territory  v/hich  should  be  served,  either 
by  main  intercepting  sewers  of  the  Boston  Metropolitan  District  or  by  local 
sev/er^ige'  systems  and  treatment  works. 

In  the  area  served  by  the  South  Essex  Sewerage  District,  there  are  sev- 
eral ominous  pollution  abatement  problems.   The  waters  of  Saler.  and  Beverly 
harbors  are  ob jc;ctionable  at  times,  chiefly  because  they  receive  indus- 
trial wastes  from  the  Sewerage  District  outfall  sewers  and  the  North  and 
Danvers  Rivers.  The  North  River,  one  of  the  most  polluted  streams  in  New 
England,  receives  quantities  of  industrial  wastes,  chiefly  from  tanneries 
in  Salem  and  Peabody.   Plans  for  eliminating  this  nuisance  have  been  pre- 
pared, and  the  construction  of  the  necessary  facilities  should  not  be 
delayed.   The  Danvers  River  is  polluted  by  industrial  wastes  and  domestic 
se-jagG  from  Danvers,  one  of  the  largest  communities  in  Massachusetts 
without  a  public  sewer  system. 

With  the  t-xcoption  of  those  conmunities '  lying  within  the  Boston  and  Salem 
districts,  problems  of  pollution  abatement  and  control  must  in  general 
be  solved  by  individual  communities  of  the  basin.   Because  these  com- 
munities are  relativelj;-  siiall,  conflicting  interests,  in  matters  per- 
taining to  the  pollution  of  rivers  and  coastal  waters,  .are  not  of  serious 
consequence.   Sewer  systems  and  disposal  works  are  needed  in  nany  towns, 
partic\ilarly  whv:re  there  are  thickly  settled  village  centers.   In  mar^ 
cases  the  inuediate  ruquirement  is  for  an  engineering  study  to  determine 
the  actual  needs  and  to  suggest  methods  by  which  waters  in  the  vicinity 
may  be  improved  and  protected  against  pollution. 

Several  towns  and  villages  situated  along  the  shores  of  Cape  Cod  Bay, 
Nantucket  Sound  and  Buzzards  Bay  should  be  provided  with  sewerage  and 
sewage  disposal  works.   Plymouth,  for  example,  now  discharges  sewage 
through  outlets  along  the  shores  of  Plym.iuth  Harbor,  causing  offensive 
conditions  in  these  waters.  Sewerage  and  sewage  disposal  facilities  are 
needed  in  Provincetovm,  Falmouth,  Wareham  and  Mattapoisett.   Improvements  at 
Fairhaven  are  also  needed.   The  many  fine  beaches  and  sheltered  bays  along 
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the  shores  of  Cape  Cod  and  vicinity  have  given  this  section  an  enviable 
reputation  as  a  siiminer  playgroiuid,  but  to  keep  this  reputation  entails  the 
protection  of  these  waters  augainst  contamination  which  might  in  any  way 
detract  from  the  recreational  advantages  offered. 

In  the  vicinity  of  the  larger  cities  in  this  basin  there  has  been  such  a 
pronounced  migration  of  population  from  tirban  areas  into  suburban  com- 
munities, especially  in  s;jmmer,  that  extensions  of  sewerage  facilities  have 
frequently  not  kept  pace  ;vith  other  developments. 

Water  Supply     The  chief  water  supply  needs  in  the  Massachusetts  Coastal 
Basin  are  for  the  extension  of  present  systems  into  areas  not  now  served, 
and  for  the  provision  of  treatment  for  surface  supplies  where  tne  condition 
of  tne  water  is  unsatisfactory,  usually  because  the  source  is  in  a  thickly 
populated  district.   Only  a  few  scattered  coramunities  have  no  water  sup- 
plies.  Most  of  those  communities  within  10  miles  of  Boston  are  served 
by  the  Metropolitan  Water  System  whieh  has  as  its  source  the  Cochituate, 
Sudbury  and  Wachusett  Reservoirs  and  the  Ware  River.   The  water  of  this 
system  receives  no  treatment  except  for  the  aeration  incidental  to  storage 
and  except  for  chlorination,  which  has  been  adopted  as  a  precautionary 
measure. 

Tlie  Quabbin  Reservoir,  now  under  constmction  in  the  Swift  River  Valley,  will 
nearly  double  the  amount  of  water  avaiUible  and,  it  is  expected,  will  be 
adequate  to  meet  the  needs  of  Metropolitan  Boston  for  a  good  many  years. 
Before  this  latter  source  of  supply  co-old  be  constructed  the  diversion  of 
water  from  the  Swift  and  Ware  river  tributaries  of  the  Connecticut  war.  re- 
viewed by  the  Supreme  Cofjt.   Their  decision  was  to  the  effect  that  since 
the  principal  use  of  water  is  for  domestic  water  supply  the  diversion  was 
justified.   However,  the  Court  did  rule  that  only  those  waters  in  excess 
of  a  specified  minimum  flow  could  be  diverted  for  use  by  the  Metropolitan 
Water  Supply  System. 

The  Quabbin  Reservoir  will  also  be  used  as  a  supplemental  source  for  the 
Worcester  Water  Supply.   TTnen  the  Quabbin  Reservoir  is  completed  and  in  use 
it  is  possible  that  some  parts  of  the  Sudbury  Basin,  v;here  the  water  is  not 
of  satisfactory  quality  for  domestic  supply,  may  be  used  for  recreational 
purposes.   The  by-passing  of  these  areas  and  of  some  of  the  older  reservoirs 
which  will  be  used  for  standby  service  only  will  require  an  additional 
aqueduct  system  from  Wachusett  Reservoir  to  Boston. 

Within  the  Metropolitan  Boston  District  there  are  several  tovms  which  are 
not  served  by  the  Metropolitan  V/ater  Supply  System.   Cambridge,  the  largest 
of  these,  has  several  reservoirs  in  the  Charles  River  Basin,  the  water  from 
which  is  completely  purified  before  use.   Hewton  and  Brookline  both  have 
independent  well  supplies,  but  supplement  these  sources  with  water  from  the 
Metropolitan  System.   Waltham  has  a  ground  water  source,  the  water  from 
which  is  so  impure  that  treatment  works  will  be  needed  in  the  near  future. 
Winchester,  with  a  surface  supply;  Woburn,  with  a  well  supply;  Wakefield, 
with  a  combined  well  and  surface  supply ;and  Lynn  and  Saugus,with  a  combined 
surface  supply,  are  the  other  municipalities  within  10  miles  of  Boston  which 
are  not  served  by  the  Metropolitan  system.   Because  of  the  density  of  pop- 
ijJLation  and  the  resultant  likelihood  of  contamination  of  water  supply 
sources,  these  towns  are  forced  to  exercise  constant  supervision  over  their 
supply  sources  and  to  keep  a  constant  check  on  the  adequacy  of  purification 
methods. 
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In  the  southern  part  of  the  tasin  New  Bedford,  with  a  1935  population  of 
110,022,  talces  its  water  from  Great  and  Little  Quittacas  Ponds.  As  this 
source  is  comparatively  free  from  pollution  and  as  the  watershed  population 
is  sparse,  the  water  is  used  without  treatment.   On  Cape  Cod,  conununities 
which  do  not  have  public  water  supply  systems  include  Easthani,  Mashpee, 
Orleans,  Sandwich,  Truro  and  Wellfleet.   These  six  towns  have  a  year-round 
population  of  4858  and  a  much  larger  population  than  this  in  summer.  Al- 
though there  are  only  a  few  surface  supply  sources  available  in  this  region, 
well  supplies  could  easily  be  developed.   The  latter  type  of  source  is 
probably  the  most  desirable  here  as  it  obviates  setting  aside  for  watershed 
protection  areas  of  distinct  recreational  value.  Most  of  the  towns  along 
the  South  Shore  have  public  water  supply  systems.   The  majority  of  these 
supplies  are  municipally  owned;  most  of  them  have  ground  water  sources,  and 
many  undergo  some  sort  of  corrective  treatment.   The  folloning  communities, 
with  a  total  population  of  3^41,  are  the  only  ones  without  organized  systems; 
Halifas,  ITorwell  and  Plympton. 

North  of  Boston  the  only  communities  without  organized  water  supply  systems 
are  Boxford,  Essex,  Hamilton,  Newbury  and  Howley,  with  a  total  year-round 
population  of  751S,  although  the  summer  population  is  appreciably  larger. 
Because  of  the  concentration  of  population  in  all  of  these  tov/ns  except 
Boxford,  they  are  in  need  of  municipal  systems.   Suitable  surface  supply 
sources  in  the  vicinity  of  these  towns  are  probably  not  available  because 
the  topography  is  so  flat  and  because  the  region  is  covered  with  scattered 
farms  and  estates.   However,  opportunity  does  exist  for  the  development  of 
small  well  supplies. 

The  typhoid  death  rate  in  Massachusetts  has  been  very  low  for  many  years, 
probably  because  the  water  supply  systems  have  been  so  well  operated  and 
because  the  treatment  of  water  has  been  so  carefully  supervised.   If  the 
use  of  the  Metropolitan  Water  Supply  were  more  nearly  universal  among  the 
towns  in  the  Boston  area,  the  possibility  of  water  supply  contamination 
would  be  decreased  and  the  availability  of  undeveloped  lands  and  water 
bodies  for  recreational  purposes  would  be  increased  in  this  district  where 
recreational  facilities  are  now  so  inadequate. 

Flood  Control     No  general  flood  conditions  are  to  be  found  on  these 
rivers,  although  possibly  there  are  local  stream  conditions  which  might 
be  remedied  by  dykes  and  channel  enlargements.   During  freshet  seasons 
the  rivers  frequently  overflow  their  banks,  spreading  out  over  considerable 
areas  of  low-lying  borderlands.   These  low  areas  serve  as  retention  basins, 
and  usually  no  loss  is  incurred  by  flooding.   Nor  is  any  great  inconvenience 
caused,  aside  from  that  resulting  from  an  occasional  blocking  off  of  sec- 
ondary highways  through  the  low  areas.   The  retention  of  water  in  these 
marshy  areas  lowers  the  peaks  in  the  river  channel  downstream  where  it  pas- 
ses through  more  intensively  developed  sections,  with  the  result  that  any 
losses  which  do  occur  are  minor. 

Power     Water  pOT;or  dovelopnents  on  the  streams  in  this  region  are  few 
and  of  minor  importance.   The  rivers  offer  little  opportunity  for  power 
developments  on  account  of  their  small  amoxints  of  fall  and  their  low  dis- 
charges, especially  in  summer. 

A  survey  of  the  water  resoiorces  of  Massachusetts  made  in  I9I8  by  the  Com- 
mission on  Waterways  and  Public  Lands  revealed  that  on  the  Neponset  River, 
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slightly  over  200  feet  of  fall  were  utilized  at  the  27  dams  along  its 
course.   Since  the  time  of  that  report,  many  of  these  privileges  have 
"been  abandoned.   Some  20  ponds  and  reservoirs  in  the  watershed  have  a 
combined  water  area  2.G^fo   of  the  basin  area.   The  estimated  storage  of 
these  bodies  of  water  is  U60  million  cubic  feet. 

The  Charles  River,  having-  91  feet  of  fall,  utilized  at  11  dams;  the 
Ipswich  River,  with  3I  fetst  of  fall,  utilized  at  k   dixms ;  and  the  Acushnet, 
having  32  feet  of  developed  head  divided  equally  among  k   dams,  are  the 
only  other  streams  liaving  developments  worthy  of  mention. 

^atever  power  may  be  obtained  from  these  rivers  is  but  a  small  percentage 
of  the  total  power  cons-umption  of  the  manufacturing  plants  which  use  water 
power.   The  various  privileges  have  progressively  been  abandoned  as  water 
wheels  became  obsolete,  because  it  was  more  costly  to  make  improvements 
to  the  plants  than  to  purchase  power. 

According  to  information  compiled  by  the  U.  S.  Geological  Survey  as  of 
January  1,  1937.  2555  horsepower  is  developed  at  the  I3  installations  of 
over  100  horsepower  in  this  basin.   By  far  the  largest  single  installation 
is  one  of  dOO  horsepov;er  on  the  Neponset  River. 

Navigation     Two  of  the  three  major  ports  of  Massachusetts,  Boston  ajid  New 
Bedford,  are  in  this  basin.   The  third,  ?all  River,  is  in  the  Thames- 
Blackstone-Taunton  basin  and  is  described  in  that  section  of  this  report. 

The  Port  of  Boston  has  a  harbor  area  of  47  square  milts,  which  includes  all 
the  tidewater  lying  within  a  line  from  Point  Allerton,  on  the  south,  to 
Point  Shirley,  on  the  north,  and  a  water  frontage  of  lUO  miles.   A  total 
of  seven  miles  of  this  frontage  is  on  water  35  oi"  more  feet  deep.   Through 
the  outer  harbor  there  arc  three  main  channels  kO,    3O  Q-i^(3-  27  feet  deep 
respectively  and  each  1000  to  I5OO  feet  wide,  navigable  throughout  the  year. 
The  main  channel  of  the  inner  harbor  is  35  feet  deep,  and  1200  feet  wide. 
There  are  approximately  I5OO  acres  of  anchorage  in  the  harbor.   The  water- 
front facilities  include  2O3  wharves,  the  principal  piers  having  tract  con- 
nections and  facilities  for  direct  transfer  of  cargo  between  freight  cars 
and  vessels. 

The  freight  traffic  entering  and  leaving  this  port  in  1935-  ^^   given  in 
the  1936  Annual  Report  of  the  Chief  of  Engineers,  totalled  I6, 38^,958 
tons,  valued  at  $581, 362, 571?   The  tonnage  was  slightly  more  than  the  ten- 
year  average  of  16,200,000  tons,  and  the  value  somewhat  less  than  the  ten- 
year  average  of  $755iOO^'000.   Water  transportation  lines  serving  this  port 
carried  1,2^8,755  passengers;  in  addition  there  were  8,U72,21b  ferry  passengers. 

To  improve  the  facilities  of  this  harbor  and  provide  ample  channel  accommo- 
dation for  large  transatlantic  vessels,  the  main  ship  channel  is  being  deep- 
ened to  Uo  feet,  under  oil   existing  project  of  the  U.  S.  Army  Engineers.   Other 
smaller  channels  are  to  be  dredged  under  this  sa.-ne  project.   Suitable  approach 
channels  and  berths  of  UO-feet  depth,  at  certain  terminals,  are  to  be  pro- 
vided by  the  Commonwealth  of  Massachusetts,  in  accordance  with  the  require- 
ments of  the  Rivers  and  Harbors  Act  of  October  30,  1935-   This  will  include 
the  dredging  of  UO-foot  chiinnels  from  the  Boston  &   Albany  Railroad  Piers  at 
East  Boston  and  from  Commonwealth  Pier  #5,  South  Boston,  to  the  main  ship 
channel. 
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The  Cape  Cod  Canal  between  Buzzards  Bay  and  Cape  Cod  Bay  is  bein<s:  increasingly 
used  for  coast-rise  traffic  and,  since  13?S,  when  the  United  States  acquired 
ownership  of  the  canal,  its  use  has  teen  nearly  doubled.   At  present,  the 
traffic  throtigh  the  cajial  amounts  to  about  20*J  of  the  total  coastwise  traffic 
between  Boston  and  southern  ports.   In  1933>  'ti-^e  total  tonnage  through  the 
canal  was  2,627,376,  valued  at  $138,^09,453;  213,^9!+  passengers  were  carried 
through  the  canal  by  coraraerGial  transportation  lines. 

To  provide  safe  pass.oge  for  the  increasing  traffic  a  project  to  increase  the  ■ 
depth  of  the  canal  to_  32  feet  and  the  width  to  5OO  feet  was  authorized  by 
Congress,  and  work  on  this  project  has  been  under  way  since  1933-   ^t  is  ex- 
pected that  the  deepening  of  the  canal  will  be  completed  during  the  year 
1938.   It  is  anticipated  that  v.hen  this  irnprovemont  has  been  made  twice  as 
much  tonnage  will  pass  tiirough  the  coral.   This  greater  use  will  materially 
reduce  the  annual  loss  from  shipwrecks  on  the  outer  shore  of  Cape  Cod,  which 
has  aver.aged  over  $500,000. 

Eew  Bedford  Harbor  is  a  tidal  estuary  on  the  western  side  of  Buzzard?.  Bey. 
Tne  outs'-  harbor  is  t\/o  railes  v;idc  aiid  throe  inilos  long.  A  channel  3O  feet 
deep  rxii.   35O  feet  v.ide  extends  from  deep  water  to  above  the  IJpv  Bedi''ord- 
FairiifLveii  bridje,  a  dist;ance  of  52  n-iies,  and  continues  north  for  -J  of  a 
mile,  at  a  depth  of  23  feet  and  width  of  100  feet.   Protected  anchorages  are  ■ 
available  in  Buzzards  Bay,  and  the  i?iner  harbor  has  two  deep  anchorage  areas 
aggregating  9*+  acres.  W.'-'.terfront  facilities  include  27  wharves  on  the  Hew 
Bedford  side  of  the  harbor  and  6  aloag  the  Fairhaven  side.   Freight  traffic 
in  1936  amormted  to  6S1,076  tons,  valued  at  $50,315,256. 

Improvements  in  N^^w  Bedford  Harbor  to  provide  more  nearly  adequate  navigation 
facilities  have  been  authorized  by  Congress,  and  will  involve  provision  of  a 
deeper  channel  along  the  Fairhaven  waterfront  and  enlargement  of  anchorage 
or  manoeuvering  areas  in  the  harbor  by  removal  of  several  rock  ledges  -uncovered 
in  previous  dredging  operations. 

Other  improvements  vvhich  have  been  authorized  by  Congress  on  recommendation 
of  the  Array  Engine,  rs  are:   the  completion  of  dredging  of  a  channel  27  feet 
deep  and  3OO  feet  wide  in  "iTeymouth  Fore  River  from  Hingham  Bay  to  the  river 
bridgp  at  Qiiincy  Point;  the  dredging  of  a  channel  I5  feet  deep,  with  varying 
widths  in  7/eymouth  Back  Siver;  and  the  deepening  of  the  channel  in  Lynn  Harbor 
from  22  to  25  feet  to  enable  vessels  to  load  to  a  greattr  draft  thaii  is  now 
possible;  dredging  a  channel  averaging  I50  feet  in  width  and'17  feet  in  depth 
in  Edgarto-.wi  Harbor,  and  removing  shoals  in  the  anchorage  area  to  a  depth  of 
12  feet;  and  dredging  a  chai.nel  10  feet  deep  and  75  feot  wide  into  Cuttyhunk 
Harbor  with  an  anchorage  of  like  depth  about  I6  acres  in  area  inside  the  harbor. 

The  completion,  during  the  fiscal  year  1937,  of  the  new  'S-foot  channel  in 
Annisquam  River,  connecting  Gloucester  Harbor  and  Ipswich  Bay,  will  provide 
an  imoortant  lirJc  in  the  proposed  inland  waterway  from  Gloucester  north  to 
Hampton,  i'«ew  Hampshire.   Beyond  Ipswich  Bay  a  canal  can  be  co?-istructed  through 
inland  bays  and  marshes  from  Essex  River,  behind  Castle  Neck,  to  Ipswich 
River;  thence,  along  Plum  Island  River,  through  marshes  to  the  Merrimack  River; 
and  finally  to  Haapton  Harbor,  passing  inland  froui  Salisbury  Beach.   This 
w.aterway,  connecting  the  many  iiarbors  along  the  North  Shore ,  of  Massachusetts 
would  offer  a  safe  passage  for  small  boats,  both  pleasure  and  fishing  craft. 
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Srosion     Except  on  Cape  Cod,  erosion  problems  are  restricted  to  compara- 
tively small  areas.   In  the  town  of  Essex,  adjoining  3-loucester,  the  Soil  Con- 
servation Service  has  reported  that  there  are  approximately  three  square  miles 
of  moderate  sheet  and  severe  wind  erosion.   Tlie  islands  south  of  Cape  Cod  — 
Martha's  Vineyard,  Nantucket  and  No  Mans  Land  —  have  a  few  areas  marked  "by 
moderate  sheet  or  very  severe  wind  erosion.   Cape  Cod,  a  sandy,  arm-shaped 
peninsula,  shows  eroded  characteristics  from  Sarnstable,  at  the  biceps,  to 
Provincetown  at  the  fist,  the  degree  of  erosion  varying  directly  with  the 
distd.nce  from  the  shoulder.   Nearly  tne  entire  forearm  is  marred  by  various 
degrees  of  sheet  and  wind  erosion,  while  the  wrist  and  fist  suffer  from 
severe  wind  erosion.   In  general,  erosion  is  confined  to  cropped  slopes  and  to 
exposed  sandy  soils,  v/hile  wood  and  pasture  lands  have  been  damaged  but  little. 

That  portion  of  the  shore  line  of  Massachusetts  ;;hich  extends  from  Boston  Har- 
bor to  the  south  differs  in  character  from  the  shore  line  to  the-  north.   In 
genera.1,  the  latter  is  roclcy,  but  the  former  is,  for  the  most  part,  sandy  and 
subject  to  continuous  erosion  by  waves  and  wind.   Cape  Cod  is  especially  vul- 
nerable to  the  attacks  of  these  forces,  and  ever  sinct  the  glacier  deposited 
this  long  arm  of  sand  nature  has  been  constantly  at  work  modifying  itr.  forma- 
tion.  The  sandy  beach  which  stretches  along  the  fifty  miles  of  outer  shore 
from  Chatham  to  Provincetown  has  been  washed  and  blown  away  toward  the  tip  of 
the  Cape  to  form  its  lower  end  west  of  Provincetown.   Tnis  action  is  so  con- 
tinuous that  the  outer  shore  would  afford  a  good  laboratory  for  the  study  of 
the  erosive  action  of  wind  and  waves. 

A  program  of  investigation,  providing  for  a  continuous  study  under  the  aus- 
pices of  the  Federal  Government's  Beach  Erosion  Board,  with  the  cooperation 
of  state  and  local  agencies,  should  yield  important  basic  data. 

Massachusetts  has  already  spent  about  $3,000,000  on  the  protection  of  its 
shore  line,  in  constructing  sea  walls,  jetties  and  other  types  of  protective 
works.   This  and  further  construction  is  felt  to  be  a  proper  expenditure  for 
public  funds  in  that  it  will  preserve  the  beaches  for  recreational  use,  in- 
crease the  taxable  value  of  land,  and  enable  the  0\7nerE  cf  shore  propertj?- 
to  develop  the  land  to  better  advantage. 

Drainage     Hordes  of  mosquitoes  have  bred  every  year  in  the  extensive 
salt  marsh  areas  along  the  coast.   The  desirability  of  draining  these  swamps 
has  long  been  recognized,  but  no  concerted  action  was  ever  taken  until  I93O, 
when  the  Cape  Cod  towns,  under  Legislative  action,  inaugurated  projects  of 
mosquito  control.   This  work  has  been  successful  in  reducing  the  mosquitoes 
to  10^  of  their  former  numbers. 

The  definite  benefits  secured  on  Cape  Cod  and  Nantucket  Island  prompted  the 
expansion  of  drainage  activities  as  a  work  relief  measure.   Extensive  areas 
of  salt  marsh  have  been  drained  along  the  Massachusetts  seaboard,  until  at 
present  the  entire  coastal  area  has  been  largely  cleared  of  salt  marsh 
mosquitoes.   Supervision  over  construction  and  maintenance  of  all  drainage 
was  placed  in  the  hands  of  the  State  Reclamation  Board. 

The  fresh  water  marsht;S  alco  are  productive  of  mosquitoes  but  to  less  ex- 
tent than  are  the  salt  marshes.   Those  bordering  on  tiie  Neponset  and  Charles 


21g 


rivers  and  in  the  environs  of  Boston  afford  conditions  for  the  breeding  of 
mosquitoes.   These  swamplands  may  be  drained  or  filled  in  in  order  to  eliminat'9 
mosquito  breeding,  but  in  some  cases  such  operations  would  be  costly. 

Recreation     In  spite  of  the  fact  that  this  basin  has  about  a  thousand 
miles  of  seashore,  the  proportion  that  is  under  public  ownership,  and  hence 
accessible  to  the  general  population,  is  far  from  enough  to  meet  popular 
demand  for  bathing  beaches.   Not  only  must  there  be  acquired  for  public 
ownership  many  additional  beaches,  but  care  must  be  taken  that  these  public 
beaches  are  acquired  in  districts  where  the  water  is  free  from  pollution. 
The  public  has  made  manifest  such  a  demand  for  uncontaminated  ocean  waters, 
not  only  for  bathing  but  also  for  shell-fishing,  that  investigations  have 
already  been  undertaken  to  determine  what  steps  would  be  necessary  to  re- 
lieve the  polluted  condition, of  coastal  waters  in  the  Massacnusetts  Bay  re- 
gion.  Further  study  of  the  bathing  and  shell-fish  problems  will  probably 
establish  the  feasibility  of  treating  wastes  or  of  discharging  them  into  the 
oceaji  at  points  where  tidal  action  will  not  carry  pollution  to  beaches  and 
shellfish  areas. 

Pleasure  boating  has  long  been  popular  in  this  region,  and  this  popularity 
may  be  definitely  enhanced  by  the  provision  of  additional  inland  water- 
ways safe  for  small  craft.   The  North  Shore  canal  proposal,  previously 
mentioned,  would  foster  expansion  of  pleasure  boating.   The  increased  size 
of  the  Cape  Cod  Canal  will  also  be  of  real  benefit  to  the  yachtsman,  who 
has  often  in  the  past  been  denied  the  privilege  of  using  the  Canal  because 
it  was  used  very  nearly  to  capacity  by  commercial  vessels. 

Density  of  settlement  results  in  serious  curtailment  of  the  number  of  water 
fowl  and  other  wildlife  in  these  coastal  and  inland  waters.   Further  attention 
should  be  directed  toward  providing  local  areas  sufficiently  isolated  and 
protected  to  prevent  extermination  of  native  wildlife  and  to  provide  at- 
tractive resting  spots  for  migratory  fowl. 
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T^LE  III-C 
5IIU:.'ARY  OF  STHEAI4  PLOW  HECOEDS 

MASSA  aiUSETTS  COASTAL  BASIN 


Location  of  Station 


Drainage   Ntuuber  riscJ:iarge  in  Cubic  Feet  per  Second 
Area       Years 

Square     of  Max.     Min.   Mean  Peak  Flow 

Ivliles Eecord  Day Say    Annual  


Ipswich  River 

near  Ipswich,  Mass. 
(Willowdale,  Mass.) 

Charles  Hiver 

at  Waltham,  Mass, 

liother  Erook* 

at  Dediiain,  Mass. 


122 


225 


6  2,1+90         i.k         201  2,610 

11  2,5Uo    .      1.0  775  2,5UO 

5  Slk         0.3  90. U         900 


*Hother  Brook  at  Dedhati,  Massachusetts  is  an  artificial 
Canal  which  diverts  waters  from  the  Charles  Eiv;.r  at 
Dediiam  a.nd  carries  these  waters  into  the  Keponsct  River. 


— -Drainage  area  undeterminable. 
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TABLE  IV 

EXPLAiaTORY  NOTES 

Concerning  th>^  tabls  of 

SELECTED  DATA  ON  DOMESTIC  AND  INDUSTRIAL  WASTES 

IN  MUNICIPALITIES  HAVING  ORGANIZED  SEWER  SYSTEMS 

Column  1.   Town  or  City.   Municipalities,  arranged  alphabet ically, 

where  available  information  positively  indicated  the  existence  of  an 
organized  sev/erage  system. 

Column  2.   Population  I93O.   Entire  population  of  the  civil  division  as 
reported  by  the  193'-'  Census. 

Column  ■^.   Population  Served.   Best  available  estimate  of  the  persons  served 
by  an  organized  system. 

Column  U.   Discharge  in  thousand  gallons  per  day.   The  best  available 
estimate  of  the  volume  of  sewage  discharged. 

Column  5.   Treatment.  Abbreviations,  noted  below,  indicate  tne  type  of 
treatment  applied  to  the  domestic  wastes. 

Colujnn  6.   Chief  soiirces  of  Industrial  Wastes,   The  industries  which  com- 
monly pollute  streams  Eire  indicated  by  concise  reference  to  the  type  of 
plant,  product  or  raw  material. 

Symbols 


(p) 

Partial 

(s) 

Summer  resort. 

(s) 

State  Institution 

(u) 

College  or  University 

Various 

Several  industries  present  ydth  none 

clearly  predominant. 

Milk 

Refers  to  pasteurizing,  ice  cr  ;am  and  dairy  plants. 

Fort. 

Fertilizer  factory. 

Oil 

Petroleum  products;  storage  or  distribution  plants. 

Gas 

Illuminating  gas  manufacturing  plant. 

Canner:y 

Includes  fish  pacl<:ing. 

Im. 

Imhoff  Tank                   A. 

Aeration. 

Sp. 

Septic  Tarik                  Cl. 

Chlorination 

SF. 

Sand  filtration.              St. 

Settling 

F. 

Filtration.                  Sc. 

Screening  (fine) 

CP. 

Cesspool                     3r. 

Barging  sludge  to  sea 

SI. 

Sludge  treatment.             Sm. 

Sedimentation 

AcSl. 

Activated  sludgo  plant.        Ir. 

Irritsation 

SOURCES  OF  niFOPJvIATION 

Unpublished  Data,  State  Plaaning  Boards 
Unpublished  Data,  State  Health  Departments 
Annual  Reports,  State  Health  Departments 


TABLE  IV-C 
SELECTED  DATA  ON  DOMESTIC  AND  INDUSTRIAL  WAS'IES 
IN  MUNICIPALITIES  HAVING  ORGANIZED  SETPER  SYSTEMS 
MASSACHUSETTS  COASTAL  BASINS 
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Domestic   Sewage 


Industrial 


Discharge 

Wastes 

Pop. 

No.  of  ,, 

thous. 

Town  or  City 

1930 

Services  . 

gal /day 

Treatment 

Chief  Sources 

Arlinf^ton,  Mass. 

3b>09^ 



2,220 

None  (n) 

__ 

Belmoat 

21,7^8 

— 

1.370 

None  (n) 



Beverly 

25,OS6 



None 



Boston 

721, iss 

— 

22,000 

None  (n&s) 

Various 

Braintree 

15.712 

— -  ■  : 

— 

None  (s) 

— 

Brookline 

^7,^90 

— 

4,790 

None  (s) 



Cambridge 

11^,6^3 

— 

12,066 

None  (n) 

Various 

Canton 

5-6i6 

— 

705 

None  (s) 

Various 

Chelsea 

45,816 



None  (n) 



Dediiam 

15.136 

— 

1,061 

None  (s)(p) 

Laundry 

Everett 

k£,k2h 

— 

— 

None  (n) 

— 

Fair haven 

10.951 

— 

— 

none 



Franklin 

7.028 

860 

223 

Sm.SF. 

Textiles 

Gloucester 

2U,20U 

— 

none 



Hull 

2,Oh7 

— 

— 

none 



Lexington 

9,^67 

— 

700 

none  (n) 

— 

Lynn 

102,320 

— 

— 

none 

— 

Maiden 

58.036 

— 

— 

none  (n) 



Marblehead 

8,668 

— 

— 

none 



Marion 

1,638 

242 

129 

Sm.SF. 



Medfield 

U.066 

— 

71 

SF. 

Bricks 

Medford 

59,71^ 

— 

none  (n) 



Melrose 

23,170 
14,7^1 

— 

— 

none  (n) 



Milford 

1,834 

362 

Sm.Im.F.(p) 

Rubber 

Mill is 

1,73s 

— 

150 

Sm.SF. (P) 

Various 

Milton 

16 , 43U 

— 

S90 

none  (s) 

Chocolate 

Nahant 

1,654 

— 

— 

none 



Nantucket 

3,672 

1,631 

705 

sr. 



Needham 

16.8U5 

— 

225 

none  (s)(P) 

Textiles  fi^ 
rubber 

New  Bedford 

112,597 

— 

— 

none 



Newton 

65,276 

— 

4,724 

none  (s)  Textiles  &   rubber 

Norwood 

15,049 

— 

1,470 

none  (s) 

Printing 

Peabody 

21.3^5 

— 

— 

none 



Plymouth 

11,042 





none 



Quincy 

71,923 



6,066 

none  (s) 

Leather 

Reading 

9,767 

— 

— 

none  (n) 



Revere 

Vj.o'oO 

— 

— 

none  (n) 



Salem 

•+3,353 

— 



none 



Somerville 

103,908 

— 

2,696 

none  (n) 



Stoneham 

16,060 

— 

— 

none  (n) 



St ought on 

2,204 

— 

735 

(2)      Clothing  &   rubber 

Swampscott 

10,346 

~ 

none 

— 
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MSSACHUSETTS  COASTAL  BASINS   (conti 


5CL) 


Domestic  Sewage 

Industrial 

Discharge 

Wastes 

PO'O. 

No. 

of        thous. 

Town 

or  City 

1930 

Services     gal/day 

Treatment 

Chief  Sources 

Wakefield, 

Mass. 

16. 31s 



none  (n) 



Walpole 

7.273 

1,065 

none  (s) 

Various 

Waltham 

39,21+7 

2,285 

none  (s) 

Various 

Water town 

34.913 

2,160 

none  (s) 

Various 

Wellesley 

li,i+35 

1,055 

none  (s) 

Textiles 

Winchester 

12,719 

none  (n) 

— 

Winthrop 

16,852 

— 

none  (n) 

— 

Woturn 

19,^34 

__ 

none  (n) 

~ 

(n)   North  Metropolitan  District  sewer  system. 

(s)  South       II        "       II      " 

(2)   Connection  to  South  Metropolitan  District  systt 


under  construction 
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EXPMK-ATORY  NOTES 

concerning  tables  of  the 

ORG-AITIZED  77ATER  SUPPLY  SYSTEMS 


Column  1.  Toiivn  or  city.  Miuriicipalities,  arranged  alphabetically,  where 
available  information  indicates  the  exictence  of  an  organized 
public  or  semi-public  water  supply  system. 

Column  2.  Population  1930-  Entire  population  of  the  civil  division  as 
reported  by  the  1930  census. 

Column  3.   Population  Served.   Best  available  estimate  of  the  persons 
served  'oy   an  organized  system  (as  for  the  year  I936). 

Column  U.    Consumption  in  thousand  gallons  per  day.   Best  available 
estimate  of  the  normal  daily  requirement. 

ColTomn  5.    Sources  of  supply.   Tne  type  of  source  drawn  from  is  indicated 
by  symbols:-  H.  for  Reservoir,  Pond  or  Lake;  W.  for  Wells, 
either  deep  or  shallow;  &"pr.  for  Spring;  Str.  for  Streams. 

Column  6.   Watershed  area  in  square  miles.   Best  available  estimate  of 
the  drainage  area  upon  which  the  water  supply  is  dependent. 

Column  7.  Capacity  in  millions  of  gallons.  Best  available  estimate  of 
the  quantity  of  water  stored  by,  or  irrjnediately  a\'-ailable  to, 
the  municipal  supply. 

Column  3.   Type  of  Treatment.  Available  information  concerning  the 
methods  used  to  improve  the  qualitj'-  of  the  water  served. 


SYiCBOLS 

(2),  ete.   Numerals  enclosed  in  parentheses  indicate  the  number  of  separate 
water  supply  systems  which  serve  the  municipality.   Where  there 
is  only  one  system  no  symbol  is  necessary. 


(S) 
(T) 
(U) 
(s) 
(a) 


Includes  State  institution 
Includes  Summer  population  served 
Includes  College  or  School 
Provides  Summer  service  only 
(b),  etc.  Letters  enclosed  in  parentheses  lixik  civil  divisions  served 
by  the  same  water  source :- 

In  column  3  ^-nd  h   they  link  municipalities  where  available  in- 
formation does  not  give  the  number  served  in  each  town. 
In  column  5  letter  indicates  that  the  civil  division  luports 
water. 

In  column  6  and  7  letter  indicates  that  the  civil  division  ex- 
ports water. 

Letters  link  municipajlities  within  one  state  and  basin; 
cross-references  between  basins  or  states  appgar  in  footnotes. 


22k 


Symbols 

(continued) 

A. 

Aeration 

K. 

Al. 

Alujn 

L. 

AlSl. 

Aluminun   siilphate 

MF. 

An. 

Auaonia 

PF. 

AraSl . 

Aramoniuin  siilphate 

pH. 

AS. 

Aluia  -  Soda  Ash 

RF. 

cc. 

Corrosive   correction 

S. 

CI. 

Chlorine 

SF. 

Co. 

Coagulation 

Sm. 

CuSl. 

Copper   sulphite 

so  01. 

F. 

Filter 

St. 

IR. 

Iron  removal 

SOURCES 

OF  IlIFORl/IATION 

Activated  carbon 
Line 

Mechanical  filter 
Pressure  filter 
Correction  of  reaction 
Rapid  filter 
Soda  Ash 
Slow  filter  . 
Sedirnentation 
Sodium  hypochlorite 
Storage  of  protective 
significance. 


Unpublished  Data,  State  Planning  Boards 
Unpublished  Data,  State  Health  Departments 
Annual  Reports,  State  Health  Departments 
Annual  Reports,  Public  Utilities  Commissions 
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TAFLE  71- C 
EXISTING  WATER  POTTER  -  MAS.SACHUSSTTS  COASTAL  PASINS 


RIVER 


NO.  OF 
PLANTS  IN 


CAPACITY  OF  PLANTS  OF      CAPACITY  nsED  TOTAL 

FOR  CAPACITY 

ovfer  1,000  to       under  Horse- 

Mass.  10.000  HP.      9,990  HP.      1,000  HP.    UtiUty  Mfg.  power 


300  2,255  2,555 

0  340  840 

0  980  980 

300  435  735 


;0ASTALS 

13 

0 

0 

2,555 

Charles 

5 

0 

0 

840 

Neponset 

4 

0 

0 

980 

Others 

4 

0 

0 

735 
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TBAICES-BIACKSTOME-TAUHTON  BASINS 
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THAIGS-BLACXS TOIIE-TAUITTOIT  BilSIH 


This  basin,  located  in  the  southeastern  part  of  l^Iew  England,  includes  the 
entire  state  of  Rhode  Island  and  portions  of  the  states  of  Massachusetts 
and  Connecticut.   The  chief  water  bodies  in  the  region  are  the  31ackstone, 
Thames,  Taunton  and  Pawcatuck  rivers,  and  iJarragonsett  Bay. 

It  contains  centers  of  high  population  density  and  industrial  activity. 
The  important  cities  in  this  district  are  Worcester,  Brockton,  Taunton, 
and  Fall  River  in  Massachusetts;  iToonsocket,  Pawtucket,  and  Providence 
in  21iode  Island;  and  Norwich  .and  New  London  in  Corjiecticut. 

Thc^re  are  located  on  those  streams  many  textile  plants  which  contribute 
large  quLintities  of  industrial  pollution  to  the  rivers.   These  industrial 
wastes,  together  with  the  untreated  domestic  sewage  from  a  majority  of 
the  cominunities  in  the  district,  cause  seriously  polluted  conditions  alon^ 
the  rivers,  especially  in  their  lower  reaches. 

Marragansett  Bixy,    into  which  man^'  of  these  streams  flow,  receives  this 
pollution,  with  the  resxilt  that  the  recreational  uses  and  the  shellfish 
industry  in  the  bay  are  greatly  impaired. 

Water  supply  sources  of  good  quality,  both  surface  and  underground,  are 
adequate  for  the  needs  of  the  region.   Many  supplies  are  already  de- 
veloped, but  ample  opportunities  are  available  for  the  develoijment  of 
additional  supplies  when  and  if  needed. 

Tile  fall  in  the  Blackstone,  Thames  and  some  of  tiie  smaller  rivers  has 
been  almost  completely  utilized  by  manufacturing  plants  and,  in  a  few 
places,  public  utility  developments.   This  fall  is  developed  at  a  great 
many  lo-.v  head  privileges,  ranging  froa  h   to  ],1   feet.   Little  opportunity 
exists  for  additional  pov;er  develo_jmunts  on  these  stre:ims. 

Both  natural  and  artificial  storage  tend  to  lessen  flood  heights  on  the 
rivers.   Floods  are  infrequent  ojid  flood  losses  which  occurred  in  1927 
and  1936  were  attributed  to  the  failure  of  dams,  and  to  the  constriction 
of  river  channels  at  points  ox  d.anage.   Had  the  storms  of  I927  ,and  I936 
b>-en  as  intense  here  as  they  were  farthc^r  north,  flood  daiaages  -.vould  have 
been  measurably  increased. 

Commercial  shipping  and  pleasure  boating  m<-d^e  full  use  of  the  navigation 
facilitius  of  lIarraganSL.-tt  Bay  and  other  coastal  waters.   The  tidal 
portions  of  the  larger  rivers  are  maintained  open  to  navigation.   Op- 
portunities exist  for  improvement  of  these  facilities  by  deepening 
channels,  dredging  harbor  anchorages,  and  consti^acting  brepJcwaters . 


2J7 


«=>^^C^<S3^2(^^ 


I  MAP  N9  9d1 


A  WELL       "I 

O  SPRING    I- NO  TREATMENT 

n  SURJACE  J 

A  WELL        -^  TREATED 

©  SPRING     I  WITH 

in  SURFACE  J  DISINFECTANT 


3  i;:Sic  l^"- 

a  surface]  "'^^""^'^'-^ 

a  well     -)  mechanically 

•  spring    i  treated  and 

■  surfaceJ  disinfected 


INSIDE  SYMBOL  OF  SUPERJMPOSED 
SYMBOLS  INDICATES  TREATMENT  OF  ALL. 

OSUGGESTED  PROJECT 

I    INVESTIGATION  PROJECT 


New  England 
Water  Resources 


DEC.  1,1937 


Water  Supplies 

Thames,  Blackstone  and 

T\uNTON  Basins 


>iEW  englainD  regional  planning  commission 

NATIONAL  RESOURCES  COMMITTEE  DISTRICTNOI 

2100  FEDERAL  BUILDING  BOSTON  MASSACHUSETTS 


233 


NOTE:  PROJECTNOT  MAPPED  WOULD 
PROVIDE  NEW  STATIONS  TO  OCUECT 
HYDROLOGIC  DATA. 


IMAPN?  lODi 


D       DRATNAGE 

E        BEACH  EROSION  CONTROL 

F-C   FLOOD  CONTROL 

I         INVESTIGATION  OR 

STUDY  PROJECT 
H-C   HEADWATERS  CONTROL 
N       >^AVIGATION 

BASIN-WIDE  PROJECT 


/^ 


New  England 
PLATER  Resources 

R£ommended  Projects 

EXCEPT  WATER  SUPPLY  AND  POLLUTION  PROJEOS 

Thames  ,  Blackstone  and 
Taunton  Basins 


DEC.  1,19^7 
SCALE 


NEW  ENGLAND  REGIONAL  PLANNING  COMMISSION 

NATIONAL  RISOUBCES  OOMMITTK  DISTKICT   N"?! 

2100  FEDERAL  BUILDING  BOSTON  JvWSSACHUSETTS 
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THAi.CS  Tirr.?.  BASIIT 


GEKSKAL  DSSCHIFTIOIT 


The  Tliaaes  Kiver  is  a  tidal  cst-'oar^  extending  aoout  If;  miles  :aorth 
from  LOiii;   Island  Sound  at  llev/  London,  Connecticut,  to  ilorwich,  Con- 
necticut, at  the  jvuiction  of  the  Yantic  and  She  tucket  Kivers,  its 
principal  trihutarics.   The-  Thames  hasin  comprises  an  area  of  iklJi 
square  miles,  of  which  II55  are  in  Connecticut,  253  in  Massachu^jetts , 
and  61  in  Khode  Island.   The  major  axis  of  the  basin,  extending  north 
and  so-ath,  has  an  extreme  leiif^th  ox  ahout  65  miles,  while  the  i.iaximum 
width  of  the  hasin  is  about  Uo  miles. 

The  general  topography  of  the  v/atcrshed  above  llorwich  is  hilly,  with 
elevations  of  bOO  to  1000  feet  alont!  the  laargins  of  the  watershed. 
vThile  the  maximum  elevation  is  about  1200  feet  along  the  northvrcstern 
divide,  the  average  elevation  of  the  basin  is  only  about  50'J  feet. 

The  prodomincurit  rock  structut-e  of  the  Thames  basin  is  granite,  altlioiigh 
there  ■■are  large  area?  of  sedimentary  schist  in  the  western  portion. 
The  soil,  principally  glacial  deposit,  is,  for  the  most  part  composed 
of  light  sand  and  gravel,  but  in  certain  areas  is  fairly  heavy  end 
fertile. 

About  3O/U  of  the  basin  is  in  cleoxcd  farm  land,  two-thirds  of  v/hich  is 
pastured.   The  remainder  of  the  basin  is  \700dland ,  predominantly  second 
and  third  grov/th  hardwoods,  vdth  scattered  st-ndc  of  v/hitc  pine.   In 
many  localities  good  stands  of  coniferous  trees  are  to  be  fornd  in  the 
steep  bamlzs  of  the  main  strccjns. 


The  average  annurd  precipitation  i; 
ing  from  about  U3  inches  in  f:.-   "- 
southwestern  rL.i.   Tlie  tra-ri.  ■ 
the  basin;  while  the  avor.'.:,:-;c 
to  2U0,  according  to  the  distance  j 


the  basin  is  about  U-'i-  inchxis,  rang- 
':':Tn  part  to  about  kS   near  the 

•  ui-o  averages  about  6S^  I'-iro-jghout 

'  :.rG  for  the  winter  varies  from  30° 
.'OjII  the  ocean. 


The  principal  strecuuc  in  the  Th.:u.ies  Basin  arc  the  Shetucket,  Q,-aincbaug, 
?rcnch,  Uillirnantic,  Ho.tchang  and  Ynntic  Kivnrs.  The  drainage  areas  of 
the  principal  streoms  in  the  basin  are  given  in  the  following-  table:- 
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77 
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So 
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60 
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SI 

She  tucket 

223 

Shet-ocket 
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She  tucket 

iiS 

Thrjiie  s 
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92 
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The  Qainetaug  River  rises  in  eastern  Hampton  Coiinty,  Massachusetts,  and 
flows  southeasterly  about  30  miles,  crossing  the  state  line  to  Join  the 
French  River  at  Mechanicsville  about  8  or  9  miles  below  the  state  line. 
Thence  it  flows  soutn  nearly  40  miles  to  join  theShetucket  River  at  a 
point  3  miles  above  the  Thames.   Its  total  length  is  about  62  miles,  in 
which  distance  there  is  a  total  fall  of  about  612  feet.   The  upper  por- 
tion of  the  river  has  a  slope  of  U13  feet  in  the  26.5  miles  between  East 
Brimfield,  Massachusetts  and  Putna.m,  Connecticut,  while  in  the  portion 
below  Piitnain  tiie  drop  is  only  a.b'jut  199  feet  in  36  miles.   Numerous  lakes 
and  storage  reservoirs  in  the  basin  are  effective  in  maintaining  a  fair 
stream  flow  during  the  dry  season. 

The  French  River,  the  most  important  tributary  of  the  Quinebaug',  has  its 
so-arc3  ill  L^j  caster,  just  west  of  Worcester,  Massachusetts,  ana  flows  south 
25  miles  to  its  junction  T/ith  the  Quinebaug  at  Mechanicsville.   Fiv:;  percent 
of  its  drfi.inage  area  is  water  surface,  the  largest  proportion  of  water  area 
for  any  of  the  major  streams  of  the  Thames  basin. 

The  Shetucket  River  is  formed  by  the  confluence  of  the  Willimantic  ind 
Natchaug  rivers  at  Fillimcntic,  Connecticut.   Fron  this  point,  it  flows 
southeasterly  and  southerly  for  18  miles  to  Norwich,  where  it  joins  the 
Yantic  to  form  the  Thames.   Its  drainage  area  of  l?6k   square  miles  comprises 
E^fo   of  the  entire  Thanes  watershed.  More  than  half  this  area  lies  in  the 
T.atershed  of  its  principal  tributary,  the  Quinebaug-  River.   In  the  Shetucket 
there  is  a  drop  of  IU5  feet,  of  waicn  122  feet  are  developed  for  water  power. 
Tha  river  is  navigable  at  its  mouth  and  is  tidal  for  about  half  a  mile  upstream. 

The  Willinantic  River  has  its  source  in  the  vicinity  of  Stafford  Springs, 
Connecticut,  and  flows  in  a  southerly  eind  southeasterly  direction  for  a  dis- 
tance of  23.5  miles  to  Willimaiitic.   The  total  fall  between  Stafford  Springs 
and  the  mouth  is  about  35'^-  feet. 

The  Natchaug  River  rises  to  the  south  of  Phoenixville  and  flows  southeast 
to  its  confluence  with  the  Willimantic  River.   There  is  a  total  fall  of  263' 
feet  in  a  distance  of  about  I6  miles. 

The  Yantic  River  rises  in  northwestern  New  London  County  and  flows  easterly 
for  a  total  distance  of  about  I5  miles,  in  the  co-orse  of  which  ther3  is  a 
fall  of  about  33O  feet. 

At  several  gaging  stations  on  the  main  river  and  its  tributaries  discharge 
records  are  kept  by  the  State  of  Connecticut  in  cooperation  with  the  U.  S. 
Geological  Survey.  The  longest  record  is  that  of  the  flow  at  Jewett  City, 
Connecticut,  on  the  Quinebaug  River.  Detailed  data  for  these  stations  can 
be  found  in  the  Water  Supply  Papers  of  the  U.  S.  geological  Survey,  and  in 
the  reports  of  the  Connecticut  State  Water  Commission,  I 

Table  III-E  gives  stream  flow  d/^.ta  summarized  from  the  S-orvey's  Water  Supply 
Papers  and  from  unpublished  records  in  the  District  Engineer's  office  at 
Hartford,  Connecticut,   The  hydiograph  on  Chart  10  shows  the  nean  monthly 
discharges  in  cubic  feet  per  second  per  square  mile  based  on  the  Jewett  City 
records  for  •':he  past  I5  years.   The  -aean  amiual  runoff  from  the  712  square 
miles  of  drainage  area  above  the  Jewett  City  gage  is  1.66  cubic  feet  per 
second  per  square  mile. 
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mUll?  OCCUPANCY 

PoptaatioiL  TiiC  population  oi'   the   Tiiajnus  tasin  in  1930,v;aG  20 S, 000, 

atout  ono-ci/jht":  of  the   total  •■^opxilation  of  Connecticut.      Ilic  poprdation 
of  tlic   entire  "basin  is   divided  a:;  follows:      Connecticut,   iSl.OOO; 
Massachusetts,   ^3,700;   S  lode   Islc_io.,   I3OU.      The   increase  "between  1520 
and  l.oO  v/as  S,5>».    about   onc-lialf  tj^e   growth  rate   for  Connecticut   as  a 
v/hole.      ?.lic   average   density  of  V'Opulation  is   only  lUO  per   scraarc  ;..ilo , 
in  contr?,st   to  alrout   350  per   saja^re  nilo   in  the   adjoining  Connecticut 
portion  of   the   Connecticut  River  basin.      1'Ms  low  density  is  reflected 
in  the    si.iallcr  proportion  of  urban  popuJation  —  about   uO^^c  — '  ao .  con- 
trasted witn  the  high  un-ban  percentage   in  other  p;irts  of   Con::octicut 
tnid  \/ith  the   state  rvora^c  of  JOf-.    . 

Only   six  coixiuniticc   ii.    the  basin  I.avc   over   10,000  pooulation  cas   of    , 
19  30: 

?o;--jl;,tiGn  C'n^-Jigc   192J-1930 

^13.^ 

+    3.): 

-♦-17.^^ 
Hone 


Only  ;_'.bout   oO)i  of   the  G-roton  populatioja  lives   in   this  watershed.      In 
two  tov/ns   there  cxo  between  dOOO  and  9000   iniiabitants;      most  of   the  re- 
maining population  is   in  small  nill   villages  located  at  v/ater  pov/or 
sites  on  the  rivers. 

Corni'iuiiities   that   gained  or  lost   inlj:\bitants  betvreen  1920  and  IJ.30  are 
shown  on  nap        .      It  'jil?.  be  noted  froiii  the  above   table   that   there  v/as 
a  material  net  gain  in  tne  larger  cor-'sauiiities.      Of  the   several  towns 
that  lost   in  this  period,   nost  were  located  on  the  outer  edges  of   the 
basin.      The   increase   in  population  in  tiiis   cixea  in  the  next  25  years 
will,    on  the  basis   of  the  past   trends,   be  less  tiian  the  predicted  in- 
crease  of  about   lUfo  for   the   entire   state   of   Connecticut. 

Agricult-ore  The   rm-al  po  )U?.ation  of   the  basin  contains   l:  :r  'jher  per- 

centage   of  farmers   thcan.  does  the   i-'jjra.l  population  of   Connccticv.t  as  a 
v/hole,    although  the    soil   of   the  v.>-atershec,  ±3  not   so  well    svited  to   fam- 
ing as   is   that   of  the   state   as  a  ?/hole;    the  value  of  fanvi  land  per  acre 
is  less   tlian  ono-half  of   the   average  value   for   the   state.      Farr-iing  is  on 
a  one-ian  scale  and  imxch  of  it  on  a  part-time  basis.     Dairying,  poultry 
raising  and  general  farming  arc   the  principal  agri c^ol t'ca'al  activities. 
The   low  agricultural  productivity  in  the   three   Connecticut  couiitics 
which  co:.ip rise  most  of  the  Siaiiics  basin  is"  indicated  by  the  fact  thx^.t 
alth-ough  these   co-'onties   contain  o:-:i.:;rpxiraatcly  hofo  of  the   fpjrra  lands   of 
the    state,    the  value   of   their  farn  products   is  less   tmn  one-fc-orth  of 
the   total  value   for   the   state.      It   is   significant   that   the  percentage   of 
foreign-boi-n  or  mixed  parentt^go   in  the   far.j  population  of   Coniiecticut 
increased' between  I92O   oiid  I93O  from  about  31^  to   5g^,.'     This  high  ratio 
of  foreign  element   is  in   contrr.st   to  the   average,  of  about   25fi  in  the 
three  northern  ITew  Snglsjid  states. 
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In  spite  of  unfavorable  soil  conditions  there  was  in  the  three  counties 
involved  u.n  increase  of  over  25Vo  between  I93O  and  I935  in  land  used  for 
farms  and  likewise  a  substantial  increase  in  the  number  of  people  living 
on  farms.   This  situation  was  clearly  the  result  of  the  drop  in  industrial 
employment.   Inasmuch  as  the  farm  land  is  below  the  average  of  Connecticut 
land  in  fertility  and  is  better  suited  to  forestry  than  to  farming,  the 
principles  of  rural  zoning  could  well  be  applied.   The  prospects  for 
agricultural  development  are  not  favorable,  and  Connecticut  State  Col- 
lege has  indicated  the  need  of  giving  technical  help  to  those  engaged 
in  farming.  Part-time  farming,  now  widely  practiced,  will  undoubtedly 
increase  in  the  future. 

Industry     This  region  is  not  so  highly  industrialized  as  the  western 
portion  of  the  state,  the  value  of  its  manufactured  products  amounting 
in  1933  to  only  about  one-seventh  of  the  total  for  Connecticut.   Its 
industries  are  confined  principally  to  establishments  of  moderate  size 
located  in  small  conmiuiiities.   Textile  manufacturing,  both  cotton  ojid 
woolen,  is  predominant  and  accounts  in  a  large  measure  for  the  marked 
decrease  in  industrial  activity  during  the  depression.   New  London  is 
an  active  manufacturing  point  and  also  an  important  transportation  terminus 
for  railroad  and  stoanship  lines.   Norwich  and  T7illimantic  are  primarily      J 
textile  manufacturing  tOTms.   In  the  Massachusetts  section,  Southbridge  is    ^ 
a  center  for  the  production  of  optical  goods  and  lYebster  of  textiles  and      ' 
light  metal  products.   Dioring  the  depression  the  Thames  region,  where  textile 
manufacturing  was  the  chief  industry,  suffered  heavy  losses  in  contrast  to 
those  experienced  in  western  Connecticut,  where  the  industries  were  varied. 
The  State  Planning  Board  instituted  a  study  of  the  industries  in  eastern 
Connecticut  with  the  hope  of  pointing  out  means  of  improving  the  manufacturing 
situation. 

Mining     There  is  a  small  amount  of  stone  quarrying  carried  on  in  the 
central  part  of  the  basin. 

Lumbering     Lumber  production  throughout  Connecticut  has  declined  steadily  I 
since  a  brief  active  period  ending  in  1912-   Although  the  Thames  basin  con- 
tains several  state  forests,  wooded  water  supply  lands  and  forest  land  in 
private  ownership,  more  than  ^Ofo   of  this  growth  is  immature,  and  only  a  small 
portion  is  in  the  timber  class.   Consequently  revenue  from  forest  lands  comes 
largely  from  the  sale  of  cordwood  and  fencing  cut  on  farm  woodlots.   Only  a 
minor  portion  of  the  total  farm  income  is  so  produced. 

A  large-scale  program  of  reforestation  is  needed  in  the  basin,  not  only  for 
the  protection  such  a  development  would  afford  the  water  supply  lands,  but 
also  as  a  solution  of  the  serious  rural  problems  existing  in  the  submarginal 
farm  areas. 

Fishing     Commercial  fishing  is  not  an  important  industry  in  this  region. 

At  Groton,  at  the  mouth  of  the  Thames  River  on  Long  Islaiid  Sound,  fish 

canning  was  once  attempted  on  a  large  scale  but  th3  undertaking  has  since 
been  abandoned. 

Recreation     The  Eastern  Highland  region  of  Connecticat,  largely 
drained  by  the  Thames  system,  contains  a  larger  proportion  of  water  supply 
land  than  any  other' section  of  the  state.   Lajids  necessarily  acquired 
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for  wntcr  conservation  p-uxpoccG  I'lC.vc   130011  dovclopcd  for  recreation 
as  well;  in  addition,  more  thr.ua  20,000  acres  arc  held  in  state  ovmcr- 
ship  fijid  various  recreational  fr.cilitics  have  bco.i  developed,   i.iorc- 
ovcr,  the  EescttlcTicnt  Adiuini  strati  on  holds  optionr.  on  al^oat  l'',000 
acres  o:l  GiibnarGinal  fam  land,  i-uch  of  v*,ich  v/ill  be  devoted  onl:,-  to 
forestry  tnd  recreation. 

The  proxiiviity  of  this  area  tc  centers  of  -popnl^'tion  in  Coiriccticut , 
Rhod.o  Island  and  Massachusetts  creates  a  dc5aand  for  the  fullest  use 
of  natural  recreational  opportunities.   laidustrial  and  doneGtic  v;;.istes 
pollute  the  nain  stream  and  soi.ie  of  the  tributaries  in  a  decree  svS- 
ficient  to  prevent  swimming,  disco-jrage  hoatin/r  and  hinder  I'isi.  nigra- 
tion.   A'-ielioration  of  this  condition  would  enhance  the  value  of  the 
basin  as  an  area  of  intensive  recreational  act:vity. 

Transportation     Tiie  o:ily  navi::able  part  of  the  river  systci  is  the 
Thar;:3s  between  Hew  London  and  "Jorwich,  the  head  of  tidewater.   The  width 
and  depth  of  this  section  is  a  pie  for  pleasure  craft.   From  Long 
Island  So-and  to  i"e\'.'  London  the  charmed  depth  is  33  feet;  froa  hew  Lon- 
don for  about  five  miles  upstreczi  it  is  25  feet;  and  from  tlierc  to 
Norwich,  IS  feet.   The  annual  voluTiie  of  comi.iorcial  traffic  -':o  ITorwich 
and  other  points  above  h'-nv  London  approaches  500,000  tons. 

The  bp,sin  is  served  "oy   a  systea  of  ;n,ain  rnd  secondary  hi£^iways  adoonatc 
for  its  ov/n  needs.   In  addition,  it  lies  in  the  path  of  certain  regional 
highways  now  under  consideration.   If  constructed  as  planned,  to  connect 
eastern  ITew  England  with  western  Connecticut  and  Hew  York,  they  v/ill 
cross  tho  basin  at  the  north,  near  ITorwich,  and  near  ITew  Londo::.   ITcw 
London,  in  the  southern  sectior..  of  the  valley,  is  on  the  main  line  of 
the  h.Y.';.H.£:  H.E.H.  between  Boston  and  ITew  York.   Additional  railroad 
service  is  provided  by  the  line  fro.i  loston  to  Hartford,  pf.ssing  throui-jh 
Putnaii  £uid  ?7illimantic,  n,ni  by  the  Central  Vermont  Railway  nnini:\^  north 
from  ilew  London.   Tiic  h. ".:■.':.  :  ".  lino  from  h"ew  London  to  T/orccster  is 
used  pri:.!in-ily  for  fast  ^.asj.a  -..a   .-A  .-^roight  service  fro;a  hov.'  York  to 
points  in  Llainc.   In  :.ian^,  D;.c'a-0\'  .vl^hwrys  bus  and  track  lines  supple- 
ment the  railroads. 

There  is  no  schcd-aled  air  tronsport  service  from  any  point  in  the  val- 
ley; Ha,rtford,  Providence  and  How  haven  are  the  nearest  points  vmcre 
such  service  is  maintained.   ■Ihcro  is  a  state  a.irport  at  proton  and 
there  arc  landing  fields  at  Piitnaia,  'tJillimantic  and  SouthbricVj;e . 
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¥ATER  USS  AID  COITTROL 

Pollution     Tlie  Quinebaug  Kivcr  and  its  tributary,  the  French  Kiver, 
rise  in  Massachusetts  and  under{;o  serious  pollution  "before  entering 
Connecticut.  The  Q,vij.neDaT.xg  is  polluted  by  industrial  v/astes  plus  the 
treated  and  untreated  sewaeC  from  Southbridge.   The  sewage  filter  beds 
at  So"athbric'^3e  v/ere  reconstructed  in  1935  to  effect  a  hifjicr  degree 
of  purification  of  the  effluent,  but  the  present  treatment  vrorlcs  are 
still  inadequate,  with  the  res-jJLt  tliat  large  quantities  of  maltreated 
sev/age  are  beiiig  discharged  directly  into  the  0;ainebaug.  Provision 
for  adequate  treatment  of  the  sewage  of  this  town  is  needed. 

The  ji-onch  River  is  polluted  by  the  nixed  wastes  froia  Oxford,  Duo.ley 
end  V/ebster.   In  these  tlrrea  tovrns,  where  the  combined  pop'oJ.ation  ncars 
22,000,  there  are  no  treatment  works.   The  Massachusetts  State  Depart- 
ment of  Health  iias  vorged,  for  a  number  of  years,  the  construction  of 
treat.. ;ent  plants  at  Ihidley  and  'Jebster. 

Tlie  degree  of  -pollixtion  of  the  Q,uinebiiug  Hivcr  is  increased  along  its 
course  by  the  domestic  sewage  and  industrial  wastes  discl'iargod  at  the 
various  towns  tlirough  which  it  flov;s.  Pollution  in  the  river  below 
Putnan  has  been  appreciably  reduced  since  the  construction,  within 
recent  years,  of  a  treatment  plaiit  which  partially  purifies  the  sewage 
by  settling.   Conditions  in  the  lower,  portion  of  the  Q;uineba.-ug  F.iver 
would  bo  greatly  improved  if  troati.ient  plants  were  constructed  a,t 
Daiiicloon  and  Jewett  City. 

The  llatcloaiig;  F.iver,  in  its  lower  reaches,  receives  raw  sewage  dis- 
cliargcd  at  \7illimantic.  Analyses  of  the  Shctucket  below  V.'illimcniic 
have  shown  decided  jpollution.   The  Willimantic  Kivcr  near  its  upper 
end,  at  Stafford  Springs,  receives  partially  treated  sev/a.gc  a-id,  in 
addition,  large  vcliu.-.os  of  vrool  scoui'ings,  a  particularly  o^'fensive 
industrial  waste. 

ITorv/ich,  the  largest  city  in  the  Tl'iamos  basin,  with  a  popiidatior.  of 
nearly  33 tOOO, discharges  its  sc\;agc  into  both  the  Yantic  a.id  C>uinc- 
baug  rivers.  A  project  now  under  viray  calls  for  the  construction 
of  an  intercepting  sewer,  river  crossing  syphons  and  a  sewage  treat- 
ment plant,  whdch  will  treat  the  sewage  from  a  laxge  part  of  the  city, 
and  will  therefore  reduce  the  pollution  in  the  Th-ames.  A  further 
benefit  will  be  the  abatci.icnt  of  the  nuisance  now  caused  by  the  de- 
posit of  sewage  solids  in  certain  localities  at  ebb  tide. 

ilcw  London,  ..^t  the  mouth  of  the  river,  is  provided  with  a  sewer  system 
which  collects  domestic  sewage  fro;-.i  75^j  of  its  30,000  population,  A 
scdiir-cntation  plant  treats  about  lO^o  of  the  sewfxge;  the  remainder,  un- 
treated, is  discliargcd  through  six  outlets  into  tloe  liarbor  i-jvA   sound- 
The  llov;  London  sewage,  augmented  by  the  diluted  sev/age  bro-j<ght  down  by 
the  strcr^.iS  o-id  by  oil  from  the  niUTierous  ships  v/hich  navigate  the  lovrer 
river,  causes  objectionable  pollution  in  Eow  London  .larbor. 

There  -arc  numerous  towns  in  this  basin  where  sower  systCi.ic  cuid.   treat- 
ment plcnts  sbjould  be  conijtructcd  in  the  near  future  in  order  to 
eliminate  obnoxious  strcaiu  conditions.  The  larger  coranrunitics  might 
well  consider  pi-oviding  at  least  p.-Tti;.l  treatment  for  their  sewage, 
such  as  scdimciatntion  and  perhaps  provision  for  chcm.ical  precipitation 
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and  chlorination.  Tne   tributary  streams,  especially  the  larger  ones,  have 
potential  value  for  recreational  as  well  as  industrial  uses  which  should 
not  be  destroyed  by  impure  conditions  in  the  streams. 

Water  Supply     Six  of  the  ten  Massachusetts  communities  in  the  basin  have 
water  supplj''  systems:   two  are  privately  07/ned;  three  are  municipally  owned; 
and  one  is  Tinder  the  control  of  a  water  district.   Southbrid^-e,  which  has 
the  largest  system,  treats  its  reservoir  supply  "oy   aeration  and  slow  sand 
filtration.   The  supplies  of  the  other  commiinities  are  from  ground  sources 
and  are  untreated. 

In  Connecticut,  the  sources  of  supply  are,  with  two  or  three  exceptions,  sur- 
face waters.   The  v?ater  is  of  good  qi;ality  and  except  in  a  few  cases  chlorina- 
tion is  used.   The  largest  single  drainage  area  used  for  water  supply  is  that 
of  the  Natchaug  Elver.   This  supply,  after  filtration  and  chlorination,  serves 
Willimantic.   Such' puri;.^ cation  of  the  water  for  domestic  uses  is  necessary, 
although  the  river  is  ri^iatively  clean  compared  with  other  larger  stj-'eams  in 
the  vicinity.   The  necessity  for  purification  is  even  greater  along  the  entire 
length  of  the  Quinebaiog  Eiver. 

The  majority  of  the  v/ater  supplies  in  Connecticut  are  owned  by  private 
water  companies;  however,  the  larger  supplies  of  this  region  —  at  Putnam, 
Norwich,  Willimantic  and  New  London  —  are  served  by  municipally-owned  works. 

Although  many  comnunities  in  the  basin  do  not  yet  have  organized  water  sup- 
ply systems^  ample  opportunity  for  the  development  of  surface  water  sources 
will  still  exist  if  and  wnt.n  the  need  is  sufficiently  urgent. 

Flood  Control     Flood  conditions  on  the  Thames  Hiver  up  to  March  I936 
did  not  involve  excessive  darjage.   ITie  topography  of  the  Yantic,  She  tucket 
and  Quinebaug  basins  is  r^ot  conducive  to  high  discharges,  and  the  stream 
pattern  of  the  Thames  basin  is  such  that  the  r-'onoff  does  not  produce 
cumulative  peak  flows,  but  is  distributed  along  the  main  streams.   Because 
of  many  dans  on  the  rivetfs,  the  natural  channel  storage  has  been  eliminated, 
witn  the  result  that  flood  peaJcs  are  slightly  increased.   The  numerous 
natural  lakes  and  artificial  reservoirs,  together  with  the  considerable 
ground  storage  provided  by  the  soil,  largely  gl'xcial  in  character,  a.re  ef-, 
fective  means  of  retarding  flood  runoff. 

The  New  England  storm  of  November  1327  did  not  center  on  and  did  no  great 
damage  in  the  valley,  the  total  losses  amounting  to  only  $7^,000.   The 
freshets  of  March  193^  and  January  1935  caused  greater  discharges  on  the 
rivers  of  the  basin  than  did  the  I927  flood. 

In  1936  the  Q;ij.inebaug  exceeded  its  previously  recorded  flood  levels  by 
7  feet.  All  gaging  stations  registered  discharges  greater  than  ever 
before,  and  in  many  cases  the  maxiinuT.i  discharges  were  double  and  triple 
the  previous  oaxina.  The  naxinura  concentration  of  runoff  was  recorded 
at  Willimantic  on  the  N"-tcliaug  River  in  the  ououiit  of  SU.O  cubic  feet 
per  second  per  square  mile.   The  peak  runoff  of  the  Q-ainebaug  was  59»9 
cxxbic  feet  per  second  per  square  nile,  occturin;;  at  Quinebaug,  Con- 
necticut.  The  estimated  d-inage  in  the  valley  approached  $U,  000, 000, 
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much  of  wliicli  was  inc-orred  at  Webster  and-  Southtridge,  Massachusetts. 
The  heavy  rainfall  of  ninS:  or  ten  inches  over  the  area  southwest  of 
Worcester  at  the  headwaters  of  the  Q^iinebaug,  coupled  with  the  unus^ially  • 
deep  snow  cover,  caused  high  rai^off  in  the  Quinebuug  basin.   A  great 
storm  centering  on  the  Thames  basin  could  produce  much  greater  discharges 
than  that  of  I936. 

In  1930  the  Army  Engineers  did  not  recommend  any  expenditures  for  flood  con- 
trol in  the  valley  because  flood  d3,mages  during  the  previous  fifty  years 
had  been  small  and  such  as  had  occurred  were  due  to  ice  jams  or  failure 
of  poorly  designed  dams  and  bridges.  Mo  authorization  v/as  given  by  the 
Flood  Control  Act  of  I93S  for  an  exnmination  and  survey  of  the  Tnames 
River. 

PoY/er     The  Thames  River,  being  a  tidal  estuary,  has  no  power  develop- 
ments.  Its  tributaries,  the  Yantic,  Shetucket  and  Quinebaug  rivers,  have 
long  been  developed  for  v/ater  power  largely  for  textile  and  other  manu- 
facturing, although  there  are  some  hj^dro-electric  plants  which  are  units 
of,  or  interconnected  with,  large  distributing  systems. 

The  report  on  the  developed  and  ■'ondeveloped  power  in  the  basin  made  by 
the  U.  S,  Array  Engineers  in  I93O  (published  as  House  Document  #6UU) , 
Jlst  Congress,  3rd  Session),  lists  81  developed  sites  with  a  total  head 
of  1332  feet  and  a  combined  installed  wheel  capacity  of  U0,0l6  horsepower. 
Of  this  total  head,  1139  feet  are  utilized  at  manufactiiring  plants  and  193 
feet  at  electric  utility  plants.   The  corresponding  installed  wheel 
capacities  are  respectively,  29,07g  and  10,93S  horsepower.   The  greater 
portion  of  the  developed  head  is  in  Connecticut  and  amounts  to  S2U  feet, 
with  corresponding  wheel  capacities  of  3^,128  horsepower. 

The  investigations  of  the  Army  Engineers  disclosed  six  power  sites,  four 
on  the  Quinebaug'  River  and  two  on  the  Natchaug  River,  as  economically 
feasible  for  development.  Wheel  capacities  of  5.2  cubic  feet  per  second 
per  square  mile  were  selected  for  sites  where  the  available  storage  and 
pondage  v/as  sufficient  to  regulate  completely  the  runoff  from  the  drain- 
age area.  Where  less  storage  was -available,  a  wheel  capacity  of  U.R 
cubic  feet  per  second  per  square  mile  was  used,  and  for  still  less, 
3  cubic  feet  per  second  per  square  mile.   Further  assumptions  of  SOfo 
efficiency,  SOfi  utilization  and  primary  power  of  2,15  horsepower  per  foot 
of  head  per  100  square  miles  of  drainage  area  were  made  in  arriving  at  the 
estimates  of  potential  power  output. 
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Listed  'bolov;,    in  tajulcir  form,    ;:,rc  diita  tjijcen  fro/n  House  Eocv-ncnt  #6UU 
for  i'lio   cibcs  v/hicli  it   ^/ould  be  cconOinically  feasible   to  develop:- 

Potential       Average 
Drainage  Average  Mrjcinram       Horse  po'vcr  Yearly  Out- 
Area  Head         Utilized     Capacity         put  Thousand 


DLun  Site 

Sq.    Hi. 

Feet 

Plov:  CFS 

at  SO-fa  off. 

IDv-Hrs 

QainelDau^  F.iver,    Conn. 
Slietucliet 
Canocrbm-y 
Ponfrct  Landing 

7U3 
601 

3^5 

26.5 
26.7 
1?.2 

2226 

ISO9 
1035 

5363 
U39I 
1713 

17.S97 
12,956 

■  5,070 

Quinebaug  Fdvcr,   Mass. 
East  ErL-ifield 

56 

22.0 

2b3 

5S6 

1.107 

llatclir-Uf--  ?j.vcr,    Conn. 
Mansfield  Hollov/ 
Chaplin 

159 
71 

U6.0 
107.  g 

715 
213 

2930 
1917 

6/430 
5,130 

The   totrd  hco.d  for   ^-.hcsc    six  sites   is   2H7.2  feot   and   the   corresponding 
estimated  total  v.'lieel   capacities  ar.d  yearly  output  are,   respectively, 
16,960  horsepov'er   arid  ^-7,6^0, 000  kilo  watt -hours. 

Additional   sites,    with  heads  totaling  about  550  feet,  were  also  in- 
vestigated, biit  the  high  costs  of     ..vca-  production  made   tliese   sites 
infer.sible  for  development.     A  site  at   Coventry,    Connectic^-it ,   on  the 
Slrujagari-ie;o^  Siver,    a  tributary  of   the  Willimantic,    could  be   developed 
to  utilise  223  feet  of  fall.      The  resulting   storage  of  19,2C!-1-  acre-feet 
would  completely  control   the  r^moff  from  the  25   square  miles  of  drainage 
area  and  v/ovild  furnish  water  for  a  v;hecl  capacity  of  2526  horse  power, 
prodticing  a  yearly  output  of  5»'''00,000  kilowatt-hours.      However,   be- 
cause of  the  excessive  flowa,ge  daiao-ge,    the   cost  of  povter  production 
v/ould  be  2,23  cents  per  kilov.-att-houx. 

The   largest   01    the  undeveloped   sites   adapted  to   economical   development 
is  at   Slictucket.      It  wo-ald  utili2;c  all   the  head  of   the   Q;a.incba,"ag  River 
botv/cen  the  pond  of   the   Connecticut  Light  ajid  Power   Conipar-y  at  Taft 
Station,    Connecticut,    and  the   tailvrator   of  the  Aspinook  Coiapaiiy  at 
Jcwctt  City.      The  cost  of  construction  was  estimated  in  1930  at  $112 
per  horse  povrar,   and  of  power  production,   O.52  cents  per  kilowatt-hour. 
The   Canterbury  development  would  utilize  all   the  head  between  the  pond 
of  the  Aspinook  Coiapany  and  the   tailwatcr  of   tho  Waurogan  CorapcuTy  at 
Wa-urcgai'-,      It  wovAd  be   the   second  largest  dovelopyncnt  of  the  group. 
The  estimated  cost  of   the   developraont  was  $131  per  horse  pov/cr,   and  of 
power  production,  O.61  cents  per  Icilowatt-hour.      The  dcvclopno:it  of 
the   site   at  Pom.fret  Landing,    Cojmoctic\xt  vfas   started  shortly  aftcv   the 
UTorld  ~Iar  but  was  ab;jndoncd  before  much  progress  had  been  r.iadc.      Tiiis 
devolopr.ent  woul.d  utilize  all   the  head  botwoon  the  Goodyear  Cotton  Mills 
pond  at  C-oodycar,    Connecticut,    and  the  tailwatcr  of  the  lov/cst  power  de- 
velopment at  Putnara.      If  this  station  were 'to  be  operated  automatically 
from  some  central   station  in  a  povmr  sj/stera,   the  cost  of  jjowcr  woui.d  bo 
materially  less  than  $l6l  per  horse  pov.'or  and  O.S3  per  kilo  watt -hour, 
the  estimated  cost   of  operation  as  an   isolated  jjlant. 
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The  only  economical  develo.oment  in  Massachusetts  wo'old  te  at  East  Brimfield, 
at  the  upper  end  of  the  Quinebaug  River.   Its  economy  would  lie,  not  in 
its  development  as  a  hydro-plant,  inasmuch  as  the  cost  of  power  would  he 
$737  per  horsepower  and  the  cost  of  power  production  U.79  ce'nts  per 
kilowatt-hour,  but  rather  in  its  reservoir  capacity.  A  storage  of 
lU,70'-'  acre-feet,  obtainable  in  the  top  I5  feet,  could  be  used  during 
the  dry  months  through  a  total  head  of  k2h.2   feet  now  developed  on 
the  river  below  and  would  produce  U,U81,000  kilowatt-hours  at  'JOfo 
efficiency.  With  an  assumed  value  of  1  cent  per  kilowatt-hour  thus 
produced,  the  additional  investment  required  to  produce  the  1,107,000 
kilowatt-hours  at  the  East  Brimfield  plant  would  make  the  cost  of  pro- 
duction l.UU  cents  per  kilowatt-hour.   The  Array  Engineers  advocated 
further  and  more  detailed  investigation  of  the  cost  of  the  development 
by  the  power  users  on  the  river  below,  who  would  be  benefited  by  the 
storage. 

The  Mansfield,  Connecticiit,  site  on  the  Natchaug  River  would  utilize 
all  the  head  from  the  reservoir  of  the  city  of  lillimantic  to,  .and  in- 
cluding most  of,  the  head  u^on  the  Gardner  Hall,  Jr.,  Company  dam.   The 
storage  capacity  of  the  reservoir  woiild  be  2870  acre-feet  in  the  top 
2  feet  and  7575  ^'^   t^ie  top  12  feet.   This  could  be  used  as  peak  load 
storage  and,  when  coupled  with  the  storage  in  the  ffillimantic  reservoir 
immediately  below,  complete  regulation  of  the  stream  flow  might  be 
possible.   The  estimated  cost  of  power  v/as  $177  pfci"  horsepower  and  the 
production  cost  1.10  cents  per  kilowatt -hour. 

The  sixth  of  the  group,  at  Chaplin,  Connecticut  on  the  Katchaug  River 
would  be  of  raobt  value  as  an  automatic  peak-load  station  in  a  power 
system.   Its  storage  is  not  large,  only  U37O  acro-feet;  the  cost  of 
power  VifOuld  be  $307  per  horsepower  and  the  cost  of  production,  I.23 
cents  per  kilov/£itt-hour. 

The  feasibility  of  the  six  plants  described  above  is  predicated  on  the 
assumption  that  the  distribution  of  power  would  be  supplemented  through 
interconnections  with  a  large  power  system  having  steam  reserve,  in 
order  that  the  hydro-ptation  might  have  a  market  for  all  power  produced. 
This  would  require  that  these  stations  be  operated  as  base-load  stations 
during  the  periods  of  abundant  water  and  as  peak-load  stations  di-ixing 
dry  seasons.   Without  standby  power  the  amount  of  prime  power  available 
is  so  small  that  the  developments  would  be  impractical. 

Navigation     The  Thames  River  proper  is  navigable  throughout  its  full 
length  of  about  I5  miles.   At  New  London,  where  one  of  the  depest  harbors 
on  tne  Atlantic  Coast  is  located,  the  state  has  constructed  a  wharf  1000 
feet  long  at  a  cost  of  $1,000,000.   Two  miles  above  New  London  there  is 
located  a  U.  S.  Submarine  Base.   In  addition  to  its  use  for  commercial 
purposes,  the  river  is  used  for  pleasure  boating  and  for  the  annual 
Harvard- Yale  crow  races. 

The  river  for  the  entire  length  from  its  moutn  to  Norwich  was  first 
improved  for  navigation  in  I836.   The  present  channel  from  the  ocean 
to  New  London  is  33  feet  deep;  from  New  London  to  Allyns  Point  it  is 
25  feet  deep;  and  thence  to  Norwich,  18  feet  deep. 
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The  volume  of  commercial  traffic  in  I936  was  reported  as  638,724  tons 
in  Kew  London  Harbor,  and  U29,6l5  tons  in  the  Thames  River  from  tne  rail- 
road bridge  at  New  London  to  Norwich.   The  largest  frei^:ht  item  was  coal. 
Direct  railroad  transfer  facilities  are  available  at  several  wharves. 

In  1935  Congress  authorized  deepening  the  channel  between  Allyns  Point 
and.   Norwich  to  25  feet,  but  no  funds  have  yet  been  allotted  for  the 
project.   The  Chief  of  Engineers'  I936  report  states  "$S20,000  can  be 
profitably  expended  during  the  fiscal  year  I938  by  completion  of  the 
channel  above  Allyns  Point".  A  much-needed  improvement  in  Nev7  London 
Harbor  conditions  has  been  realized  by  dredging  a  straight  channel  to 
the  State  Pier. 

Drainage     Because  the  slopes  of  the  basin  are  moderately  steep,  sv/amps 
are  few  in  number;  those  which  do  exist  are  found  in  land  pockets  and  in 
localities  borderin?  water  bodies.   Extensive  settlement  has  already 
necessitated  drainage  of  some  areas;  the  need  for  future  improvement  of 
scattered  wet  lands,  although  improoable,  will  be  determined  by  the  rate 
of  future  growth. 

Erosion     Appro ximr-tely  98^  of  the  Thames  watershed  has  been  classified 
by  the  Soil  Conservation  Service  as  having  little  or  no  erosion.   Suall 
areas  marked  by  occasioncJ.  g:ullies  are  to  be  four.d  in  the  vicinity  of 
Webster,  Massachusetts.   The  most  serious  condition  recorded,  moderate 
sheet  erosion,  occurs  in  two  localities,  one  southwest  of  Putnam,  and  the 
other  northwest  of  Norwich.  Doubtless  the  most  inpressive  evidence  of 
erosion  is  the  presence  of  silt  on  the  strea::i  and  ^jond  bottoms,  although 
siltage  has  not  y^t  become  serious  in  the  basin. 

He creation     The  Thrjnes  basin,  including  most  of  the  Eastern  Connecticut 
Highlands,  is  the  logical  region  to  serve  the  recreational  requirements  of 
industrial  sections  within  and  near  the  valley.  Already  large  areas  have 
been  purchased  to  protect  public  water  supplies  and  an  additional  3f^  of  the 
drainage  basin  has  been  purchased  for  forest,  wildlife,  or  recreation  uses. 
Until  the  experiments  now  being  carried  on  by  tne  Resettlement  Administration 
in  connection  with  developing  recreation  and  wildlife  facilities  have  been 
completed,  the  solution  of  the  land  use  and  recreation  problems  cannot  be 
determined.   These  experiiiisnts  will  tend  to  satisfy  the  existing  demand  for 
new  pleasure  outl=jts  v/hich  has  resulted  from  the  excessive  pollution  of  the 
larger  streams  in  the  Tha'nes  systen. 

Any  increase  in  the  number  of  wildlife  and  fish  is  retarded  both  by  pol- 
lution and  by  extensive  hxuating  and  fishing.   Preservation  of,  and  maximum 
return  from,  the  potentitil  wildlife  population  req-oires  improvement  of 
favorable  habitats  and  thorough  enforcement  of  game  laws. 
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The  Blackstone  Eiver  has  a  drainage  area  of  540  square  n.iles,  of  which 
380  are  in  Massachusetts  and  160  in  Phode  Island.   The  basin  is  ahout 
41  miles  long  and  13  miles  wide.   The  river  rises  to  the  north  of 
Worcenter,  Massachusetts,  flows  in  a  generally  southeasterly  dir^'Ction 
a  distance  of  ahout  52  miles,  and  emoties  into  Providence  Harbor,  the 
northern-most  arm  of  Narragansett  Bay.   The  length  of  the  river  in 
Massachusetts  is  3].  miles;  in  Bhode  Island,  21  miles.   The  five-mile 
stretch  of  the  river  below  the  lo-^er  dam  at  P-wtucket  is  a  tidal 
estuary  krio^jn  locally  as  the  ^eekonk  Fiver. 

'i.•^:e  draina'^e  area  is  generally  rolling,  comparatively  lev/  aiid  nol;  v/ell 
defined,  except  for  sections  in  the  western  part  of  the  vatershed.   F.ock 
structure  is  predominantly  granite,  covered  in  general  by  saiidy  soil, 
some  of  Tfliich  is  moderately  fertile.   The  water  area  is  about  IJ  sqiis-re 
miles,  or  lesr  than  3'^ifi'  of  the  total  ares.   Lake  Quinsigai.iond,  IiT'.vir.g 
an  area  of  5^6  acres,  is  the  largest  body  of  water  in  the  basin. 

About  60)i  of  the  total  area  is  v/oodland  of  rather  sparse  density  in 
which  there  is  little  tinber  value.   More  than  lO^'o  of  the  oj-oa,  primari- 
ly in  the  vrestern  and  northern  pea-ts  of  the  basin,  is  dovotejl  to  crops. 
Tne  remainder  of  the  area  is  largely  in  industrial  and  residential  de- 
velop:..en  t. 

The  rainfall  in  the  Blackstone  valley  varies  from  h?."   at  ■.Torccster  to 
^7"  at  Providence,  with  an  avorrge  of  about  Uj"  for  the  basin  as  a 
vrtiolc.   The  precipitation  is  fairly  uniform  thro-aghout  the  year,  but 
is  slig]vtly  lower  during  the  fall  than  in  the  other  sear.ons.   The 
a,vorage  \iintcT   te,.iperat-arc  is  about  20°;  that  of  summer  about  o9". 

The  principal  tribut;arics  arc  chov.'nin  the  following  tabic; 

River  Enters  at  Drainage  Area  -  Sq.Ui. 


Quinsigai.ij 

ond 

Fishcrvillc ,   Liass . 

32 

Mui.iford 

Uxbridge,   ilass. 

5S 

West 

Uxb ridge,   liass. 

35 

Branch 

Blackstone,    i,;ass. 

95 

Mill 

Yfoonsockot,    R.    I. 

35 

Ton  L'ilc  East  Providence,  R.  I.  56 

The  Brand:  River  drai..rge  area  lies  almost  v/holly  in  RZiodc  Islcuid.   The 
river  enters  the  Blackstone  in  Llassachusctts  Just  north  of  the  State 
Line.   The  Ten  iuilc  Rivor  enters  the  Blackstone  at  tidcwat-r,  altho-a^ 
the  To:'.  ::ilo  River  itself  is  not  a  tidal  streai.,  owing  to  bhc  lov;  dcia 
built  r cross  its  mouth. 

Disclinj'ge  records  for  the  Blackstone  Basin  are  obtained  by  the  U.  S. 
Geological  Sui'vcy  at  gaging  stations  located  at  VJorcestcr,  Mass.,  in 
operation  since  I923,  and  at  Tfoonsockot,  Rhode  Island,  in  operation 
since  1929.   The  mean  annixal  runoff  at  these  stations,  in  cubic  feet 
per  second  per  square  mile,  is,at  V/orcestcr,  1,73  (D.A.  31»5  sq.mi.); 
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at  T?7oonsoci:et,  1,5^  (li.A.  UI9  sr.  ...i.).  retailed  flow  data  for  the 
stations  can  be  found  i:i  the  ITater  Sxrpply  Papers  of  the  U.  S.  Geo- 
lOi^ical   Survey. 

Tab  fi^->.n'es  in  Table  III-D  are  taken  from  records  in  the  office  of 

H.   B.   Einnison,   District  Enci-i&er  at  Bosto..,   as  v;ell   as   fron  tlie 
Surve--'s  ¥ater  Supply  papers   in  Part   I  -   "1-Torth  Atlantic  Slope 
Bacinc'J.  Hydrographs  of  the  inonthly  average  runoff  during:  the  period 
of  record  at   these   stations  are   shov.71  on  Cmrt  10. 
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EU1.LA:T  OCCUPi^TCY 

Fo'oulation     The  population  of  the  Blackstone  hasin  in  1^30  Vfas 
50o,000,  Usfj  of  which  was  in  PJiode  Island.   As  contrasted  with  an  in- 
crease of  11/3  "between  19?.0  and  I55O,  there  was  a  loss  of  nearly  3/° 
■between  1^,30  and  1935-   In  t'.io  latter  period  the  loss  in  the  entire 
state  of  Khode  Island  was  about  If).   This  decrease  was  duo  to  the 
variour,  factors  of  the  industrial  depression,  particuliu'l^  the  in- 
activity end  abandonment  of  many  textile  properties.   The  liucle  Island 
section  of  the  "basin  is  the  more  thickly  settled,  havin^^  in  1930  a 
do-  tiity  of  1350  per  square  mile  in  contrast  to  77O  in  the  Ilassachusctts 
section,  and  to  an  average  of  U70  in  the  tlirce  southern  Hew  England 
statcD.   The  hif:h  degree  of  population  conccntro,tion  and  industrial 
activity  of  the  region  is  indicated  "by  its  inclusion  in  t'lO  "netro- 
politcai"  and  "industrial"  area  cl-^ssifications  set  up  "oy   the  U.  S. 
Con.sus. 

Hii.c-tcnths  of  tho  population  is  classified  as  'orban.   Lhc  ur"i:riT. 
po:_)\-'lation  is  found  in  hirny  slipII  industrial  villages  as  v/cll  as  in 
the  followinG'  cities  and  tovrns  with  populationi;  of  over  lO.UOO: 


Portion 

Po-oijlation 

Po 

rtion 

Po  julation 

Mass. 

in  basin 
95fo 

1230 

20,700 

Khodo   Island 
Central  ^alls 

in 

or  sin 

1930 

AttlGl-oro 

lOO^b 

25.S9S 

Eo.      " 

100^ 

10,197 

Cuin'bcrlai:id 

lOOf. 

io,3oU 

Worcester 

lOOfo 

195,311 

E.   Providence 
Paw tucket 
Providence 
Wooncockot 

50f5 

90,^ 

10>. 

100). 

15,000 

o9,U00 
25,300 

^3,3lS 

Providence,  with  a  total  population  of  252,981,  East  providence,  Paw- 
tuc'kct  ojid  AttlcTaoro  are  not  entirely  within  the  Blackstone  basin. 
Cities  and  tovms  that  gained  or  lost  in  population  "bot-.TCcn  1^20  and 
1930  are  shown  on  Map  7  .   Of  the  losses  that  occurred  "betv/een  I93O  and 
1935,  SOf!)  were  in  the  Hliode  Islaiid  area.  Worcester,  Massachusetts, 
lost  ahout  UOOO  population  in  spite  of  its  varied  lines  of  industry. 

Tlie  possibilities  of  the  futua-e  growth  of  the  Blackstone  valley  arc 
demonstrated  in  the  consistent  increase  in  the  population  of  netro- 
politcji  Providence  and  of  Worcester  "between  I9OO  and  I93O.   In  the 
1920-1930  decade  the  increase  for  the  valley  was  ll.UjS  —  slightly 
more  tha-i  the  average  increase  for  Hev/  England;  in  this  period  only 
fo\U'  toi.ras  (each  under  10,000)  lost  population.  Betv/eon  I93O  and 
1935  "there  v/as  a  loss  of  nearly  12,000,  or  about  2.5fo,  in  "Jorcester , 
Providence  and  other  major  cities,  as  well  as  in  a  few  small  towns, 
yfoile  so:-.e  of  the  latter  may  continue  to  lose  population  on  accoxuit 
of  the  closing  down  of  the  industries  on  vvhich  they  were  dependent, 
it  seems  pro"ba"'Dle  from  past  trends  tliat  the  larger  comnu:iities  and  the 
"basin  as  a  \molc   will  resume  a  moderate  growth. 

Agi'i culture     Tlie  farming  lands  of  the  watershed  are  comparatively 
fertile  and  are  developed  in  small  holdings,  the  principal  activities 
hcirg  daii^ing,  poultry  raising  and  general  farming.   Part-tii.ie  farming 
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is  v/idcly  practiced.   In  rural  dcvolopr.iont  no  marked  change  is  anti- 
cipr.tcc". .   There  will  probably  oc  a  uodorato  increase  in  the  r^aral  non- 
farrii  popiilation  oJid  in  the  class  who  practice  part-time  faming. 

Industry     The  Slachstonc  valley  is  one  of  the  oldest  and  most.hi^-hly 
developed  i^idustrial  sections  in  How  England,  partly  as  the  result  of 
the  availahility  of  water  for  power  and  processing  in  the  early  stages 
of  industrial  development.  For  these  purposes  the  river  is  extensively 
and  aluost  coxupletely  utilized,  providence  ,  at  the  southern  end  of  the 
tasin,  is  the  principal  center  of  population  and  tro^^sportation,  and  is 
the  seat  of  a  variety  of  maniifactxires.  I'orth  of  providence,  Fav/tucket 
and  Woonsoclcet  are  prominent  indxistrial  centers,  particularly  for  the 
mai'ui'actiure  of  cotton  and  v/oolen  textiles.  Worcester,  at  the  northern 
end  of  the  valley,  is  a  major  transportation  center,  and-  is  outstanding 
as  an  industrial  city,  knovm  especially  for  its  metal  industries.   In 
addition  to  the  manufacturing  carried  on  in  the  larger  cities,  chere 
are  many  plants,  mostly  textile,  located  in  small  coumunities  along  the 
Elackstone  River  and  its  trihutaries.   Because  textile  plants  were  pre- 
dominant among  the  industries  of  tl'ie  valley,  the  decline  in  textiles 
brou+iht  severe  industrial  losses  to  this  section. 

luture  industrial  developments  in  this  region  will  depend  -apon  the  suc- 
cess attained  in  replacing  the  vanishing  textile  activities  with  other 
lines  of  r-ianufacture.   Industrial  hodies  throughout  Hew  England  have 
made  organized  efforts  to  this  end,  and  h^ve  progressed  materially  in 
attracting  to  this  region  new  and  varied  manufacturing  enterprises. 
Providence,  Pawtucket  and  '.Toonsocket  have  had  signal  success  in  es- 
tahlishing  new  industries  of  various  types  in  plants  fox-merly  used,  for 
textile  Kian-jfacture.   The  region  has  such  favorable  factors  as  an  ample 
supply  of  skilled  labor,  cheap  power,  adequate  transportation  facilities 
and  proximity  to  large  mrirkets;  c-.ll  of  these  factors  provide  a  sound 
foundation  for  grov/th. 

Mining     Except  for  a  limited  ojiiount  of  stone  qu^irrying  in  the  southern 
part  of  the  basin  there  are  no  ..linins  operations  in  this  region,  nor  arc 
there  prospects  for  mining  activities  in  the  future. 

Lumbering     rorost  prodixcts,  confined  principally  to  cuttings  for  cord- 
wood  pjnA   fencing;  on  fai-m  woodlots,  provide  only  a  minor  part  of  farm  in- 
come . 

Recreation     Cue  to  the  proximity  of  areas  that  have  better  natiu-al  re- 
creational features,  recreation  in  this  basin  is  of  primary  importance 
only  to  its  own  population.   The  larger  ponds  are  in  constant  use  for 
swimj:iing  and  boating,  and  many  minor  strcai^as  and  ponds,  well  stocked  with 
fish,  provide  extensive  sport.   Tlic  main  stream  and  its  major  tributaries 
arc  so  seriously  polluted  fnc'.t  they  arc  unsafe  for  swimi~.iing,  uncosirablo 
for  bor.tlng  and  detrimental  to  fish  life. 

TransTJOrtation     Th'  tidal  section  of  the  Blackstonc  River,  called  the 
Seokonl':,  is  navigable  throughout  for  C0i.7mcrcial  vessels,  from  its  mouth 
up  to  Pawtucket.   The  miniCTora  channel  depth  is  now  about  13.5  feet,  al- 
though rn  Army  Engineers'  project,  completed  in  1S27.  called  for  a 
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deptli  of  lb  to  IS  feet.   There  has  "been  local  agitation  for  chsjiiiel 
iniprovements  up  to  the  head  of  tidewater  to  acconmiodate  lar.';cr  coui- 
raercial  vessels,  lut  provision  for  navigation  above  that  point,  is 
not  considered  necessary  or  practicahle. 

An  adeq-oiite  syriten  of  i.iain  and  secondary  highways  covers  the  entire 
v/atershed.  Supplemental  through  highways  are,  however,  needed. 

'.Thile  service  has  "been  abandoned  on  some  of  the  minor  branch  railroads 
in  the  valley,  the  bul!'-;  of  the  pop'ulation  is  well  served  by  the  ..lain 
line  fron  Boston  to  Albany  and  the  west  thro-'ogh  T,7orcester,  raid  'oy   the 
shore  line  from  Boston  to  ITe\/  York  through  providence.   In  cxtdition,  a 
line  iron  Boston  to  Hartford  cuts  across  the  center  of  the  basin, 
providence  and  V/orcester  arc  connected  by  a  railroad  alon^  the  Black- 
stone  Eiver.   Over  this  route,  however,  most  of  the  passcn:;cr  service 
is  no-v7  provided  by  highway  motor  busses. 

Tlic  PJiodc  Island  state  airport  south  of  providence  is  a  r.chnd'oled  stop 
on  an  air  transport  line  betvireon  Boston  and  iJew  York,  and  is  adoq-oate 
to  ..icct  the  aviation  needs  of  the  lower  Blackstonc  valley.  At  present 
there  is  no  scheduled  service  in  the  VJorcestcr  area;  the  establishment 
in  this  section  of  a  landing  field  capable  of  handling  larco  transport 
planes  is  desirable. 
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WATER  USE  MP  CONTEOL 


Pollution     The  principal  water  problem  in  the  Elackstone  basin,  as 
well  as  in  the  adjoining  basins  which  comprise  this  group,  is  the  abatement 
of  stream  pollution.   The  presence  in  the  river  of  domestic  sewage  and 
large  quantities  of  untreated  industrial  wastes  which  are  discharged  from 
the  many  thickly  settled  industrial  communities  along  the  river  has  se- 
riously imparled  the  usefulness  of  the  river  for  industrial  water  supply 
and  recreational  purposes,  and  also  has  virtually  destroyed  fish  life  in 
the  main  river  and  some  of  the  tributaries. 

Except  in  the  upper  reaches  of  ite  tributary  streams,  it  is  doubtful  if 
the  river  will  ever  be  used  to  anj-  extent  as  a  source  of  municipal  water 
supplies.  Elimination  of  pollution  to  render  the  river  safe  for  recreation 
and  habitaVle  for  fish  life  would  entail  large  expenditures  incommensurate 
with  the  benefits  derived. 

In  general,  the  conditions  in  the  Blackstone  River  in  Massachusetts  are 
worst  near  Worcester.  Analyses  show  the  most  objectionable  conditions  on 
the  river  to  be  between  the  city  of  Worcester  and  its  sewage  disposal 
works. 

The  sewage  from  Worcester  is  completely  treated  by  the  Imhoff  tank  and 
trickling-filter  method,  and  the  daily  discharge  of  effluent  amounts  to 
about  21,300,000  gallons.  Oyer  one-half  of  the  total  industrial  waste 
(15,000,000  gallons  daily)  discharged  into  the  river  in  Massachusetts 
cones  from  Worcester,  mainly  from  its  steel  and  wire  industry.   These 
wastes  contain  large  quantities  of  iron  which  cause  considerable  dis- 
coloration of  the  water  fvnd  leave  deposits  along  the  bed  and  banks  of  the 
stream.  During  storm  periods  the  stream  is  further  polluted  by  Sanitary 
sewage  discharged  directly  into  the  riv^r  from  the  combined  sewers  of  the 
city. 

The  towns  of  Northbridge  and  Hopedalo  also  have  sewerage  systems  and 
sewage  treatment  works.   The  treatment  works  of  these  three  comm-unities 
serve  about  50%   of  the  population  in  the  Massachusetts  area.   If  the 
towns  of  Auburn,  Elackstone,  Douglas,  Mnibury,  and  Uxbridge,  which  now 
discharge  their  untreated  sewage  into  the  river,  were  to  provide  treat- 
ment works,  the  percentage  would  be  raised  to  91» 

About  one-third  of  the  total  industrial  pollution  in  Massachusetts  is 
received  from  textile  mills  located  in  Uxbridge,  Millbury  and  Douglas. 

Lake  Quinsigamond,  located  in  Worcester  and  Shrewsbury,  with  its  water 
siorface  of  5UG  acres,  is  intensively  developed  for  recreational  use.   The 
lake  receives  pollution  from  various  sources.   There  are  approximately 
225  cesspools  or  privies  located  within  200  feet  of  the  Worcester  side  of 
the  Irke;  although  recent  examinations  showed  most  of  them  to  be  in  good 
order,  this  potential  source  of  pollution  should  be  removed  to  obviate 
any  possible  contamination  of  this  body  of  water  which  is  a  recreational 
center  for  so  many  people. 
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The  Branch  River,  the  largest  tributary  of  the  Blackstone,  whose  T/atershed 
is  almost  wholly  in  Rhode  Island,  receives  untreated  sewage  and  industrial 
wastes  from  several  scattered  mill  villages  along  its  course.  Pollution  is 
noticeable  in  the  lower  portions  of  the  river  due  to  the  discharge  of  large 
volumes  of  textile  wastes.   It  is  in  this  reach  that  conditions  are  serious- 
ly objectionable.   The  degree  of  this  pollution  is  so  great  that  it  can  be 
seen  even  in  the  Blackstone  below  the  junction  of  the  two  rivers. 

To  remove  this  pollution  nuisance  the  Rhode  Island  State  Planning  Board  rec- 
ommends the  construction,  in  the  near  future,  of  a  trunk  sewer  system  in  the 
Branch  River  valley  to  serve  the  villages  of  Burrillville  and  North  Smith- 
field,  the  sewage  from  this  systea  to  be  treated  and  then  discharged  into 
the  river.   Before  this  plan  is  adopted  an  investigation  should  be  made  of 
sewerage  and  the  disposal  of  sewage  and  industrial  wastes  in  these  tovms. 

The  sewage  from  most  of  Woonsocket  undergoes  treatment  by  the  activated 
sludge  process,  the  effluent  being  discharged  into  the  Blackstone  River 
at  the  rate  of  3,U00,000  gallons  per  day.   Untreated  textile  wastes  re- 
ceived by  the  river  at  this  point  increase  the  organic  load  carried  by  the 
stream.  By  the  extension  of  the  sewer  system  there  would  be  provision  for 
discharge  to  the  municipal  treatment  plant  of  the  most  objectionable  wastes 
and  sewage  from  the  mills,  together  with  the  untreated  sewage  of  certain 
sections  of  the  city. 

Some  of  the  most  serious  pollution  conditions  in  the  whole  valley  are 
centered  around  Pawtucket  and  Central  Falls,  Rhode  Island.   This  area 
comprises  the  lower  Blackstone  from  Lonsdale  to,  and  including,  the  Seekonk 
River.   The  Moshassuck  River  valley,  vmich  adjoins  the  Blackstone  on  the 
west,  should  be  considered  sim^jltaneously  with  the  Blackstone.   This  applies 
particularly  from  Saylesville  to  the  mouth. 

Untreated  sewage  from  the  east  side  of  Central  Falls  is  discharged  into  the 
Blackstone  River  at  the  rate  of  about  300,000  gallons  per  day;  while  the 
sewage  from  the  west  side  of  the  city  is  treated  at  a  municipal  plant  and 
the  effluent,  amounting  to  approximately  296,000  gallon's  per  day,  flows  into 
the  Moshassuck  River.  Recommendations  have  been  made  for  the  abandonment  of 
the  present  plant  and  the  discharge  of  sewage  from  both  districts  of  the 
city  into  the  Pawtucket  sewer  system  for  treatment  at  the  proposed  Pawtucket 
plant. 

There  is  also  a  division  in  the  method  of  disposal  of  sev^age  from  the  city 
of  Pawtucket.   Two  million  gallons  per  day  of  untreated  sewage  from  the  east 
side  of  the  city  are  discharged  into  the  Blackstone  River,  while  the  sewage 
from  the  west  side  is  discharged  into  the  Providence  sewer  system  for  treat- 
ment at  the  mtmicipal  plant,  located  at  Fields  Point. 

Cumberland  and  Lincoln  also  discharge  untreated  sewage  and  industrial  wastes 
into  the  river.   The  district  tributary  to  Abbot  Run,  a  small  stream  flowing 
into  the  Blackstone  at  Central  Falls,  presents  no  difficulties  as  this  area 
is  a  protected  soiirce  of  Vvrater  supply  for  the  city  of  Pawtucket. 

Various  plans  have  been  considered  for  eliminating  pollution  from  the  waters 
of  the  Blackstone,  Seekonk  and  Moshassuck  rivers.   The  Rhode  Island  State 
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Planning  Board  has  recommended  investigation  of  seworage  possibilities  for 
certain  villages  in  the  towns  of  Lincoln  aind  Cumtjerland,  and  for  a  part  of 
the  town  of  East  Providence.   The  Board  has  recommended  also  investigation 
of  the  proposed  trunk  sewer  which  would  convey   the  sewage  and  industrial 
wastes  of  these  towns,  together  with  that  of  the  Elackstone  valley  sections 
of  Central  Palls  and  Pawtucket,  to  the  Pawtucke t-Eas t  Providence  line,  at 
which  point  a  joint  disposal  plant  would  be  located. 

Another  recommendation  of  the  Planning  Board  is  the  a.dditional  investigation 
of  the  proposal  to  collect  the  sewage  and  industrial  wastes  of  the  Mosh^assuck 
valley  districts  of  Lincoln,  Central  Falls  and  North  Providence  by  a  trxinl-: 
sewer  either  for  discharge  to  the  Providence  sewer  system  or  for  pumping  to 
the  Blackstone  valley  district  for  treatment  at  a  district  plant  in  that  valley. 

Ten  Mile  River,  with  a  drainage  area  of  55*3  square  miles,  largely  in  Massa- 
chusetts, is  triljutary  to  the  Seekonk  Hiver.   There  are  three  communities 
located  in  this  area:  Plainville,  ittleboro  and  llorth  Attleboro.  Plainville 
has  no  sewer  system,  but  Attleboro  and  !Torth  Attleboro  have  both  systems  and 
treatment  works.   The  Massachusetts  State  Department  of  Health  has  recommended 
the  addition  of  settling  tanks  to  the  present  sand  filters  at  Attleboro  and 
the  enlargement  of  the  treatment  works  at  Horth  Attleboro  to  permit  more 
adequate  purification  of  the  sewage,  therebv  reducing  the  pollution  of  Ten 
Mile  River.   This  river  is  badly  polluted  in  comparison  with  other  New  England 
streams  that  are  used  for  domestic  water  supply,  and  it  is  urgent  that  early 
measures  be  taken  to  prevent  untreated  or  only  partially  treated  sewage  from 
being  discharged  into  the  river,  as  v/ell  as  to  provide  adequate  purification 
of  certain  industrial  wastes  so  as  to  lessen  the-  load  on  the  East  Providence 
v/ater  treatment  works. 

Water  Supply     This  basin  is,  in  general,  adequately  served  with  public 
water  supplies  for  both  domestic  and  industrial  purposes.   The  Massachusetts 
communities  consume  about  20,000,000  gallons  per  day  for  domestic  use, 
Worcester  having  the  highest  consumption,  witn  lU, 329,000  gallons,  a  per  capita 
constunption  of  yS  gallons.  The  Worcester  system  is  connected  with  the  Metro- 
politan District  Water  Supply  and  can  draw  on  that  supply  in  emergencies. 
Only  three  communities  in  Massachusetts,  Bellingham  (pop.  3O56) ,  Mendon 
(pop.  1265)  and  Millville  (pop. 1901)  are  without  piiblic  or  semi-public  sup- 
plies. Of  these,  Millville  is  in  greatest  need  of  a  supply  system.  W.P.A. 
project  engineers  have  recommended  the  installation  of  a  pumping  station, 
stand-pipe  and  distribution  syst^sm,  estimated  to  cost  approximately  $125,000. 

The  supply  for  the  town  of  Blackstone,  now  obtained  from  the  city  of  Woonsocket. 
Hliode  Island,  has  not  been  found  consistently  adequate.  Within  the  past  two 
years  the  results  of  studies  that  have  been  made  indicate  that  the  more  ec- 
onomical procedure  will  be  for  Blackstone  to  maice  provisions  for  an  independent 
supply  rather  than  to  extend  the  present  system. 

Pawtxicket,  Woonsocket,  East  Providence  and' Cumberland  are  supplied  by  municipal 
systems.  Abbot  Run,  having  an  estimated  yield  of  13,000,000  gallons  daily, 
is  the  source  of  supply  for  Pawtucket  and  Central  Falls,  and  for  parts  of 
Lincoln,  Cumberland,  East  Providence  and  North  Providence.   Studies  have  been 
made  with  reference  to  the  extension  of  Pawtucket 's  syrtem  and  the  installation 
of  a  filtration  plant.   On  the  basis  of • the  results  of  these  studies,  tho  State 
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Planning  Board  is  recommending  a  project  for  such  construction  at  some  time 
in  the  future. 

The  Planning  Board  feels  that  the  water  supply  needs  of  Woonsocket  are  so 
urgent  that  it  recommends  for  early  construction  a  reservoir  on  Tarkiln 
Brook,  Burrillville,  and  a  pipe  line  to  Woonsocket  to  provide  additional 
water  supply  for  that  city  and  villages  in  North  Smithficld.   Estimates 
hased  on  plans  prepared  for  this  project  show  the  cost  to  be  ^2,180,000. 

The  present  supply  of  Woonsocket,  having  a  yield  of  about  y.O'^O.OOO  gallons 
per  day,  serves,  in  addition  to  Woonsocket,  Elackstone,  in  Massachusetts,  and 
parts  of  North  Sraithfield,  Cumberland  and  Lincoln,  in  Rhode  Island. 

Water  from  Ten  Mile  River  is  impounded  in  a  ^30,000,000  gallon  storage  res- 
ervoir constructed  in  1935  ^s  part  of  the  East  Providence  water  supply 
system.  Because  the  drainage  area  contains  numerous  villages  and  manu- 
facturing plants  from  which  a  large  amount  of  pollution  enters  the  stream, 
it  is  necessary  to  treat  this  water  to  render  it  safe  for  domestic  use. 

Slatersville  gets  its  water  from  the  Branch  River,  another  polluted  stream. 
Although  this  water  is  treated,  the  results  are  not  always  satisfactory. 
The  proposed  trunk  sewer  in  the  Branch  River  valley  would  materially 
benefit  the  quality  of  this  supply, 

Flood  Control  ihe  Blackstone  River  overflowed  its  banks  in  both  the 
1927  and  1536  floods,  thereby  causing  losses  of  $650,000  and  $2,000,000 
respectively  in  these  years.  Some  of  the  damage  from  both  these  floods 
was  due  to  the  failure  of  dams.  This  fact  indicates  that  there  is  need 
for  rigid  inspection  of  dams  and  spillway  structures,  followed  by  essential 
improvements,  repair  and  reconstruction  when  and  if  necessary.  Greater 
spillway  capacity  should  be  provided  for  in  many  instances. 

The  high  degree  of  population  concentration  in  the  valley  (nearly  1000 
people  per  square  mile)  makes  the  provision  of  adequate  protective  works 
imperative.   The  intensity  of  flood  runoff  at  Woonsocket  was  only  UO  cubic 
feet  per  second  per  square  mile  at  the  crest  of  the  I936  flood.  However, 
the  channel  capacities  are  insufficient  to  confine  the  water  v/ithin  the 
banks,  a  condition  which  is  aggravated  by  the  presence  of  the  large  nunber 
of  dams  spaced  at  intervals  averaging  slightly  more  than  a  mile. 

Inasmuch  as  the  compactness  of  the  3U  developments  on  the  main  river  pre- 
cludes any  material  modification  in  spillway  elevations,  little  opport^mity 
exists  for  increasing  the  capacities  of  these  mill  ponds.   The  construction 
of  new  storage  reservoirs  and  the  enlargement  of  existing  ones  have  been 
suggested  for  the  Branch  River  basin,  to  serve  not  only  for  flood  control 
but  also  for  river  regulation.   However,  on  account  of  lack  of  available 
sites  it  does  not  appear  that  flood  control  can  be  accomplished  by  the 
creation  of  storage  basins  alone.   It  will  be  necessary  also  to  under- 
take such  local  protective  measures  as  removing  congestions  in  the  river, 
enlarging  the  channel  at  constricted  points,  .and  diking  along  the  bottom 
lands  in  order  to  reduce  floods.   This  treatment  applies  particularly  to 
the  Rhode  Island  portion  of  the  stream  at  Woonsocket  and  Pawtucket. 
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Porsuant  to  the  Flood  Control  Act  of  I936  the  U.  S.  Army  Engineers  have 
made  a  preliminary  examination  for  flood  control  on  the  Blacks tone  River. 
The  preliminary  report  recommended  further  study.  A  survey  for  flood  control 
is  now  in  progress  on  this  river.   The  solution  to  the  flood  control  problems 
involved  has  not  yet  been  determined. 

From  the  foregoing  it  would  appear  that  the  development  possibilities  in 
the  basin  are  limited  to:   (l)  the  replacement  of  obsolete,  linused  and 
unsafe  structures,  so  as  to  provide  spillway  capacity  adequate  to  pass  floods 
of  magnitudes  such  as  tliat  in  March,  I936;  (2)  the  elimination  of  channel 
constriction;  (3)  the  construction  of  protective  works  where  major  flood 
damages  are  likely  to  occur;  and  (k)    the  construction  and  coordination  of 
storage  control  in  the  best  interests  of  power,  flood  control,  sanitation, 
recreation  and  navigation. 

Power     There  are  no  large  water  power  developments  on  the  Blacks tone 
River.   Of  the  U7I  feet  of  natural  fall  in  the  U^  miles  of  river  between 
the  Electric  Light  Compare  dam  at  Worcester  and  tidewater,  U06  feet  have 
been  utilized  by  3U  dams,  which  f-arnish  heads  ranging  from  2  to  3I  feet, 
the  majority  being  not  more  than  I5  feet.   At  present,  32  feet  of  the 
U06  feet  are  not  utilized  by  reason  of  the  failure  of  3  dams;  and  59  feet 
are  not  utilized  due  to  broken-down  hydraulic  equipment  at  several  sites. 
The  fall  in  Rhode  Island  between  the  level  of  the  Woonsocket  Dam  and  tide- 
water, amounting  to  lUy  feet,  is  completely  utilized  by  the  11  plants  in 
that  state. 

On  the  tributaries  approximately  675  feet  of  head  are  developed,  of  which 
amount  3OO  feet  are  on  the  Branch  River  and  one  of  its  tributaries. 

Altogether,  there  is  a  total  wheel  capacity  of  about  25,000  horsepower  in 
the  basin,  about  9OOO  horsepower  of  which  is  located  on  the  tributaries. 
Sixty-five  percent  of  the  total  wheel  capacity  is  in  Rhode  Island. 

Full  and  efficient  use  of  the  installed  capacity  on  the  rivers  is  not  ob- 
tained because  of  the  lack  of  pondage  and  the  obsolescence  of  power  equipment. 
Silting  of  the  mill  ponds  over  a  long  period  of  years  has  made  them  shallow 
and  of  inadequate  cai^acity. 

Practically  all  of  the  feasible  sites  on  the  Blaci:stone  River  and  its 
tributaries  have  already  been  developed.   Whatever  potential  power  there 
is  lies  in  the  redevelopment  of  existing  plants  and  in  the  improvement  of 
storage.   Most  of  the  mills  require  more  power  than  can  nov;  be  obtained 
from  their  water  wheels.   The  additional  power  required  is  obtained  in 
some  cases  from  auxiliary  steam  installations;  in  other  cases  through 
purchase  from  power  companies. 

Increase  in  power  by  storage  has  long  been  considered  but  has  been  found 
to  be  uneconomical.  1-^   mojiy  cases  mills  are  finding  it  more  economical 
to  purchase  outside  povA^r  ^md  to  use  the  water  in  their  ponds  for  pro- 
cessing.  Reconstructior.  on  the  sites  of  destroyed  dams  would  probably 
be  unsatisfactory  because  the  power  thereby  obtained  would  not  be  so 
cheap  as  equal  blocks  of  purchased  power. 
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There  are  many  lakes,  ponds  and  reservoirs  within  the  liasin.   In  Massa- 
chusetts alone  these  number' 136,  of  which  I5  have  known  storage  values 
totaling  about  23,000  acre-feet.   About  ESfo   of  this  storage  is  located 
on  the  Mumford,  Quinsigaraond  and  Mill  rivers  and  Singletary  Brook.   Total 
storage  in  Massachusetts  amounts  to  20U  acre-feet  per  square  mile  of  con- 
trolled drainage  area,  112  square  miles.   About  20,000  acre-feet  of  storage 
is  in  the  watershed  of  the  Branch  River  in  Rhode  Island,  equivalent  to 
about  3.0  inches  of  runoff  from  the  drainage  area  of  97«5  square  miles. 

Hence  the  storage  above  Woonsocket,  Riiode  Island  amouats  to  about  ^3,000 
acre-feet  below  spillway  level,  equivalent  to  a  runoff  of  about  2.0  inches 
from  the  entire  drainage  area  of  U16  square  miles.   The  controlled  portion 
represents  more  than  50^  of  the  total  drainage  area  above  Woonsocket.  From 
recent  surveys  in  Massachusetts,  it  is  found  that  the  I5  storage  ponds 
would  provide  above  spillway  level  an  additional  15,000  acre-feet.   There 
is  probably  about  13,000  acre-feet  of  additional  storage  to  be  obtained 
in  the  Branch  Hiver  watershed.   With  this  additional  2S,000  acre-feet  of 
storage,  the  total  storage  above  Woonsocket  would  be  about  71,000  acre- 
feet,  corresponding  to  about  3.2  inches  depth  of  runoff  from  the  area. 
In  addition  there  are  indeterminate  small  amoimts  of  storage  in  the  main 
valley  and  in  the  many  small  lakes,  ponds  and  reservoirs  in  the  basin. 
None  of  these  storages  have  dependable  flood  control  value  as  they  are 
normally  kept  full. 

Earlier  engineering  reports  have  indicated  10  possible  sites  for  storage 
reservoirs  to  be  used  primarily  for  improving  low  v/ater  flows  in  the 
river.   These  sites,  which  would  provide  about  20,000  acre-feet  of  storage, 
have  not,  however,  been  recom.raended,  because  the  construction  costs  would 
be  disproportionate  to  the  probable  benefits. 

Navigation     The  channel  of  the  Seekonk  River  (tidal  portion  of  the 

Blackstone)  extends  5  niiles  from  Providence  Harbor  to  Pawtucket,  and  has 

a  controlling  depth  in  the  upper  reach  of  about  I7  feet  and  a  vadth  of 

150  feet  nearly  to  the  head.   The  mean  tidal  range  varies  from  U.7  to 

5  feet.  According  to  the  report  of  the  U.  S.  Army  Engineers,  in  I936  traffic 

on  the  river  amounted  to  3S9,UU5  tons,  consisting  principally  of  petroleum 

products  and  coal. 

Improvements  in  the  channel  liave  permitted  small  craft  sixch  as  barges, 
schooners  and  small  steamers,  to  use  the  river.   However,  with  the  advent 
of  steamers  for  carrying  bulk  freight,  the  opporttinity  for  r/ater-borne 
traffic  on  the  river  has  been  limited,  owing  to  the  channel  conditions 
at  the  entrance  to  the  river  which  prohibit  vessels  of  more  than  25O 
feet  in  length  from  passing  freely  into  the  river.   The  State  Division 
of  Rivers  and  Harbors  recommends  straightening  the  sharp  bend  in  the 
channel  immediately  below  India  Point,  and  widening  and  deepening  the 
channel.  A  further  recommendation  of  the  Division  is  the  erection  of 
bulkheads  and  filling  in  nlong  portions  of  the  shore  to  permit  the  ex- 
pansion and  improvement  of  those  areas. 
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Extension  of  navigation  tieyond  Pawt-ar;ket  is  at  present  impractical  as  the 
stream  above  the  city  is  confined  for  about  a  mile  between  walls,  and  the 
bed  is  largely  led^e  rock.   Commercial  growth  may  -ultimately  justify  the 
removal  of  rock  to  extend  the  channel. 

Erosion     The  reconnaissance  survey  of  the  Soil  Conservation  Service 
classified  the  entire  Blackstone  basin  as  subject  to  little  or  no  erosion. 
Nevertheless,  siltage  has  reduced  the  capacity  of  some  older  storage  ponds. 
In  these  instances  the  results  of  erosion  have  become  recognizable  in  the 
ponds  before  a  serious  condition  has  become  evident  upon  the  land. 

Drainage     The  undulating  topography  and  the  complexities  of  human  oc- 
cupancy in  the  Blackstone  watersned  have  combined  to  make  drainage  problems 
of  secondary  importance.   Topography  restricts  swamp  areas  largely  to  the 
coastal  slope,  and  occupancy  already  has  effected  material  progress  in 
draining  those  mosquito-breeding  swamps  which  annoyed  nearby  dense  settlements. 
There  are  many  swamps,  liov/ever,  where  the  mosquito  nuisance  still  exists.   The 
Massachusetts  Health  Department  has  suggested  that  certain  of  the  more  npxious 
wet  lands  be  drained  so  that  the  mosquito  nuisance  will  be  abated. 

Recreation     Althoiogh  it  would  be  impractical  to  restore  the  main  river 
to  a  condition  favorable  for  bathing  and  fishing,  owing  to  its  use  by  in- 
dustrial developments,  the  elimination  of  pollution  from  many  of  the 
tributaries  is  desirable  so  that  the  recreational  opportunities  of  the 
area  may  be  enhanced.   The  presence  of  large  population  centers  makes  it 
important  that  the  fullest  development  be  made  of  potential  recreational 
facilities. 

The  provision  of  facilities  for  water  and  t;oodland  recreation  by  public 
agencies  in  both  Massachusetts  and  Hriode  Island  has  added  much  to  the 
recreational  advantages  of  the  valley. 


268 

TAUIITOII  RIVEF.  BASIL! 

GEI-TSKAL  DESCRIPTION 

The  Taimton  River,  the  largest  and  most  important  Ptream  in  south- 
eastern iiassachusetts,  drains  an  area  of  516  square  miles.   The  Dasin, 
extending  in  a  north  and  south  direction,  is  ahout  30  miles  long  and 
31  miles  wide.   The  river  rises  in  the  southern  part  of  llorfolk  Co-unty 
and  the  northern  part  of  Bristol  Coimty,  and  its  easterly  sovirces  are 
in  the  northern  part  of  Plymovith  County.   The  river  flov/s  southeasterly 
.  and  then  southwesterly  for  a  total  distance  of  abo^xt  50  miles  to  Eall 
River  v/here  it  empties  into  lit.  Eope  Bay,  an  arm  of  Harragansett  Bay. 
Below  Ta-anton  the  river  is  tidal  for  a  distance  of  20  miles.   Ahove 
Tauiiton  the  river  gradient  is  not  steep,  the  slope  heing  '^0   feet  in 
25  miles. 

The  uc.sin  is  generally  flat,  with  few  elevations  reaching  higher  than 
100  feet  ahove  sea  level.   The  v/estern  and  marginal  sections  are  hilly 
and  rolling.   Sv\ramps  occuoy  '^.g'^  of  the  drainage  area;  ■cord  s-urfaces, 
3.2^b. 

In  the  eastern  section  the  granite  hed  rock  is  overlain  v/ith  hcavj'- 
glacial  deposits  of  gravel  and  ss-id,  while  in  the  western  section  there 
is  considoraolc  clay  "bottom. 

About  25,-  of  the  watershed  is  cleared  farm  land,  half  of  v/hich  is  cul- 
tivated.  The  remainder  of  the  area,  except  for  urban  regions,  is  scrub 
wood  or  brush  land.   The  flat  and  swanpy  lands  in  the  eastern  section 
are  wooded  largely  with  cedar. 

The  mean  a;T.nual  precipitation  is  about  U6  inches,  distribu-ted  -aniformly 
throughout  the  year.   The  winter  temperatures  average  around  2o°  to 
30°,  while  the  simmer  average  is  from  6g°  to  70°. 

The  two  main  briuiches  of  the  river  are  the  Town  and  the  >Iatfield,  which 
unite  in  the  eastern  part  of  Bridgcwater  to  form  the  Tauiiton.  The  Mat- 
field  River  drains  an  area  of  yS  square  miles,  fy:  of  which  is  pond  and 
SMDiiXp  area.  The  Town  River,  with  a  watershed  of  60  square  miles,  flows 
for  a  portion  of  its  course  tliro-ugh  Great  Cedar  Swarup ,  a  tract  of  about 
7000  acres. 

Three  ;.;ilG  River,  the  largest  of  any  of  the  tributaries,  with  a  drainage 
area  of  S5  square  miles,  is  forncd  oy   the  confl-uence  of  the  '.Tading  and 
Rumford  Rivers. 

Discharge  records  for  the  Taunton  River  are  obtained  at  State  7csxn,    on 
the  main  river,  tuid  at  Rorton,  on  the  VJading  River.   These  stations 
are  maintained  cooperatively  by  the  U.  S.  Geological  Survey  rjid  the 
Massachusetts  State  Department  of  Health.   The  records  at  these  stations 
do  not  date  far  back,  as  the  State  Farm  station  was  established  -r.ily 
in  1929  o.nd  the  jorton  station  in  I925. 

Based  on  these  rocords,  the  mccn   aiuiual  runoff  from  the  260  square 
miles  tributary  to  the  river  at  State  Rarm  is  I.72  cubic  feet  per 
second  per  sqiiaro  mile,  and  the  corresponding  figure  at  horton,  from 
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o,  draincigc  ci'oa  of  U2   sq"aarc  LiilcG,    is  l.SU  cubic  feet  per  second  per 
cq-tuarc  hiilc. 

In  Taole  III-D,  the  flfi'v  data  ,it   tlicsc   stations  arc   s-uini^iarizcc.  frora  records 
of  the  U.    S.    Geologic-?.!   Sxa-vc-/.      The  hydro^'^raph  of  monthly  flows  at 
Hoi'ton  on  the  V/ading  r.i/or  is  shown  on  Chart   10. 
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Hui.XiT  occtjpa:tcy 

Fop-uJ.c.tlon  In  I93O   tho  oopiilation  of   ihc  "basin  was  300,000,   v/hich 

rcprcGcrxtcd  a  gain  of   less   tlia,n  one  percent   ovor  19?0  cs   contrastocl 
with  DZi  incrcr'GC   of  10.3/^  for  the  entire   state   of  Massr^chiisotts.     Euo 
to  the   indtisti-ial  character  of  the  region  the  density  is  relatively 
hifh.    5SO  per  square  mile,    when  compared  v/it?:i  the  averaf,-e   of  hyo   in 
the   tlii'ec    Goathern  ITev/  lin-'^aand  sta.tes. 

The  pop-alatioii  is  predominantly  uroan,    over   two-thirds  "beiaG  in  the 
tiiree    cities  v/hich  have   over  10,000  pop-ulation: 

City  Population  1930 

Fall  River  115, 27U 

Srocj-.ton  ^3.797 

Taunton  37.355 

About   5>6  Oi"  AttlelDoro   lies   in   the   Taunton  watershed.      Of   the   sv.ialler 
towns   in   the   'basin,    there   are   thirteen  tliat   iiave  tetwoen  'd'^OU  :j;ad 
10,000   inhalDitants,    and  fifteen  tliat  have   less   than  £500. 

The  population  of   the  Taunton   oasin  was  practically   stationary  "betv^een 
1920  and  1930   due   to   the   fact   that   losses  in   the   important  cities  were 
offset  "by  moderate  gains  in  siuallcr  commuiiities.      The  princi^jal   losses 
occurred  in  the   tv/o  largest   cities;   Fall  Eiver,    a   textile  i-;:anufactxu'in6 
center,   v/hich  lost  aliout  kfo,    and  Brockton,   a  shoo   city,   which  lost   sli^t- 
ly  loss.      3otv;oen  I93O  o,nd  I935   the  foiT-.er  regained  nearly  hcJ.f  of  its 
earli.n-  loss   of  5.200,    vhilc  Brockton  continued  to  decrease   to   the   ex- 
tent  of  ahout  I.UOO  inJaa'bitants.      T'lo  Taunton  population  was  practical- 
ly stationary  in  the  fifteen  year  period,      population   chancos  hotv/ecn 
1920   Liiicl  1930  aro   shown  on  llap  7   .      It  will  bo  noted  that  in  this  pe- 
riod prr.ctically  r.ll   of  the    sniallcr  places  gained,    although  slightly; 
they  continued  to  gain  moderately  up   to   1935.      I^i  view  of   -oho  fr.ct 
that   this  region  i\s  a  whole   showed  no  population  g'ain  "'uctv.fec::  I92O  and 
1930,   when  i.Iassachusetts   increased  lO'^i,    and  that   the   .growth  of   the   state 
in  the  next  25  years   is  c.-pccted  to   continue   at   atout   the   soi.ic   re  to,    there 
m/iy  he   .-^^iticipatcd  only  a  i.ioderato  population  increase   in  this  "basin. 

Agric-ult-gje  Y/ith  so  larf;o  :.  proportion  of   the  population  in  the 

three   cities  aiid  the   industrial   towns,    less   than  lOJj  of   t"nc  population 
is  classed  as   rural.      AGricultiiral  products  yield  oji  cstii^ated  revenue 
of  a"bout  $2,000,000  per  year.     The  fertility  of   the   soil  is  aoovc  the 
average   of  tkat  of   the  rest  of  the    state.      Dairying,   market  i^ardcning, 
cultivation  of  craiiherrics ,   vziC.  poultry  raising  arc   tnc  principal  a^Ti- 
cult^oral  activities.      Part-timL,   farming  is  cai'riod  on  "oj  r.vr-r^"  industrial 
workers,     ilo  marked  cha?iges  in  a-';ri cultural  activities  are  r„:ticipatcd 
except   ;■,  tcndc-'.cy  toward  m.ore  part-time   farmi:\^:. 

Industry  The  greater  part   of  this   re^fion,    one   of   the  principal 

industri.-d   districts  of  IJassachu-setts,    lies  within   the  Providence-Fall 
Eivcr-lTow  Bedford  industrial  and  metropolitan  areas.      In  I933   the    total 
value   of  products  mr-jiufacturcd  in  the   "three,  principal   cities  was  nearly 
$110,000,000.      Cotton  textile  manufacturing, '  ci.ntcred  mainly  in  Fall 
Eiver  and  to  a  lesser  degree  in  Taunton,   and  shoe  maavofacturir-g  in  Brock- 
ton,   arc   the  most   important   industries.      The  man;^  snail   to\rnG,   however, 
acco-LUit   for  about  one-fifth  of   the   total  production  .-uid  employment. 
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Future  de-velopment  of  industry  in  this  region  depends  largely  upon  what 
progress  is  made  in  replacing  vanishing  textile  and  shoe  industries  with 
other  manufactures.   The  fact  that  Fall  Biver  hefore  the  depression  de- 
pended upon  textiles  for  t\70-thirds  of  its.  manufacturing  revenue  resulted 
in  unusually  heav^'  losses  in  taxable  values  and  industrial  strength  when 
the  depression  caiae.   BrocKton,  which  had  relied  principally  on  the  shoe 
industry,  likewise  suffered  severe  losses.   Orgsinized  efforts  to  establish 
new  and  -^/aried  lines  of  industry  have  produced  appreciable  results,- but 
the  industrial  life  of  this  section  will  continue  to  depend  on  the-  degree 
of  success  attained  in  the  new  industries. 

Mining     Mining  operations  are  comparatively  unimportant  and  are  confined 
to  granite  quarrying  near  Fall  River.  Deposits  of  .anthracite  coal  have 
been  found  in  Taunton  and  other  parts  of  the  basin  and  its  extraction  has 
been  attempted  on  a  small  scale.   The  results  have  been  unsuccessful  due 
largely  to  the  inferior  quality  of  the  coal. 

L-'jmbering     Forest  products  in  the  basin  comprise  a  -noderate  amount  of 
farm  woodlot  cuttings,  used  principally  for  firewood  and  fence  posts. 
Their  value  is  less  than  one-tenth  of  that  derived  from  general  farm  crops. 

An  increase  in  the  acquisition  and  development  of  tovm  forests  would  be 
advantageous  from  the  standpoint  of  fut-are  timber  production,  also  from 
those  of  water  supply  and  recreation. 

Fishing     There  are  no  commercial  fishing  opportunities  of  consequence 

within  the  basin  itself,  but  the  shellfish  beds  of  Narragansett  Say 

are  injured  by  the  polluted  condition  of  the  water  from  the  Taunton  River. 

Recreation     Three  sides  of  this  basin  are  adjacent  to  well-favored  and 
highly  developed  recreational  areas.   The  South  Shore,  Cape  Cod,  Buzzard's 
Bay  and  Narragansett  Bay  are  centers  of  attraction  not  only  for  hundreds 
of  thousands  from  New  England,  but  also  those  from  the  centers  of  popula- 
tion in  the  south  and  west.   The  demand  for  recreational  development  within 
the  basin  is  therefore  limited.   For  its  own  population  the  basin  has  a 
large  state  forest  near  Fall  River  and  several  small  state  and  municipal 
forests.   To  meet  the  additional  demands  certain  public  water  supply  lands 
in  this  area  could  profitably  be  opened  to  controlled  recreation  of  certain 
types. 

Transportation     Water  transportation  in  the  basin  is  confined  to  the 
Taunton  River,  v/hich  is  navigable  in  its  tidal  section  for  a  distance  of 
15  miles,  from  its  mouth  to  Taunton,  although  the  original  channel  depth 
of  11  feet  at  mean  high  water  above  Dighton  no  longer  exists.   There  is 
no  demand  for  extension  of  navigation  beyond  Taunton.  A  proposal  has  been 
made  for  the  use  of  the  Taunton  River  as  part  of  an  inland  waterway  to  be 
constructed  from  Narragansett  Bay  to  Boston  Harbor,  but  investigation  has 
shown  that  there  is  at  present  no  economic  justification  for  this  project. 

The  Taunton  basin  is  provided  with  a  good  system  of  main  and  secondary  high- 
ways. A  new  regional  highway,  recommended  in  1937  ^¥   'the  Massachusetts  State 
Planning  Board  and  the  New  England  Regional  Planning  Commission,  would  neces- 
sitate the  construction  of  a  new  bridge  across  the  navigable  portion  of  the 
Taunton  River. 
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Fall  River,  Taunton  and  A-ttleboro  are  connected  with  Boston,  Providence 
and  New  Bedford  by  N.  Y.  ,  N.  H..  &  H.  R.  R.  lines.   These  are  supplemented 
by  branch  lines  and  by  an  extensive  bus  service  throughout  the  basin. 

Facilities  for  air  travel  are  confined  to  landing  fields  at  Taunton  and 
Brockton  and  to  a  few  emergency  fields.   There  are  no  scheduled  air 
lines  operating  from  any  point  in  the  Taunton  basin.   The  develooraent 
of  a  modern  airport  in  the  Fall  River-New  Bedford  area  would  facilitate 
operation  of  scheduled  service. 
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WATER  USE  Aim  CONTROL 


Pollution     The  pollution  problem  in  the  Taunton  basin  calls  for  local 
action,  principally  by  the  cities  of  Taunton  and  Fall  River.   Pollution  from 
these  cities  affects  both  Rhode  Island  and  Massachusetts  waters.   The  sit- 
uation at  Fall  River  menaces  not  only  public  health  but  also  recreational 
activities  and  shellfish  culture. 

Untreated  sewage  and  industrial  wastes  discharged  into  the  river  and  its 
tributaries  cause  insanitary  conditions  along  the  river,  particularly  near 
the  mouth,  at  the  entrance  to  Mt.  Hope  Bay. 

The  sewage  discharged  from  Brockton  and  from  several  state  institutions  re- 
ceives treatment  before  entering  tiae  river.   The  plants  at  these  locations 
treat  about  2^fo   of  the  domestic  sewage  in  the  basin.   This  percentage  would 
be  raised  to  80fo   if  Taunton  and  Fall  River  were  to  install  treatment  plants. 

The  sewage  from  Taunton  (pop.  about  37,500;  daily  water  consumption  2,735,000 
gallons)  is  diluted  in  the  main  river,  but  during  the  dry  season  the  flow  is 
inadequate  to  dilute  the  sev/age  sufficiently.   In  the  dry  season  the  runoff 
at  the  gaging  station  at  State  Farm,  a  few  miles  above  Taunton,  amounts  on 
the  average  to  0,379i  O.I67  and  0.20U  cubic  feet  per  second  per  square  mile 
in  the  months  of  July,  August  and  September,  respectively;  hence,  if  applied 
to  the  3^  square  miles  at  Taunton,  the  respective  discharges  would  be  only 
13^* 3'  57'^  s-^d.  70.2  cubic  feet  per  second. 

Three  Mile  River,  which  enters  the  Taunton  River  about  five  miles  below 
Taunton,  carries  pollution  from  its  two  main  branches,  the  Wading  and  the 
Rumford  rivers.   These  streams  flow  through  the  towns  of  Foxboro,  Mansfield 
and  Norton.   Foxboro  has  a  sewerage  system  which  includes  partial  treatment 
by  sand  filtration,  but  neither  Mansfield  nor  Norton  has  a  system.   In  the 
past  few  years,  pollution  at  the  mouth  of  Three  Mile  River  has  shown  an 
increase. 

Fall  River  is  the  largest  seaport  city  in  Massachusetts  without  satisfactory 
means  of  sewage  disposal,  with  the  res"'ilt  that  serious  pollution  nuisances 
occur  along  the  waterfront.   The  city's  population  is  about  117,000,  and  the 
daily  consumption  of  water  is  in  the  vicinity  of  6,000,000  gallons.   This 
latter  figure  may  be  taken  as  a  measure  of  the  amount  of  sewage  discharged 
through  the  numerous  outlets  into  the  river. 

From  time  to  time  consideration  has  been  given  to  the  construction  of  an 
intercepting  sewer  and  treutrntnt  works  to  relieve  the  objectionable  condi- 
tions near  the  present  outlets,  and  the  State  Department  of  Public  Health 
has  prepared  a  plan  for  such  construction.   'Thus  far  no  action  has  been 
taken.  As  pointed  out  above,  this  problem  has  an  interstate  aspect  in  that 
the  pollution  of  the  waters  of  Rhode  Island  is  partly  caused  sewage  discharged 
from  communities  in  Iviassachusetts.   Conscq^asntly,  Rhode  Island  cannot  secure 
relief  without  the  cooperation  of  Massachusetts. 

Water  S^jpply     Seventy  percent  of  the  population  in  the  basin  is  provided 
with  water  from  public  systems.   Only  nine  commuiiities , -  out  of  twenty-two, 
are  without  such  systems.   Daily  consanption  amounts  to  about  13,000,000 
gallons,  of  which  all  but  1,000,000  gallons  are  drawn  from  the  supplies  of 
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Br'ickton,  Fall  River  and  Taunton.  The  quality  of  the  water  is  satisfactory, 
on  the  whole,  there  being  only  two  or  three  instances  where  chlorination  is 
found  necessary  and  one  case,  Middleborough,  where  more  extensive  treatment 
is  required. 

Haynham  and  Swansea,  with  populations  of  220S  and  U327,  respectively,  may  be 
singled  out  as  being  the  two  towns  in  greatest  need  of  new  v.'ater  supply  sys- 
tems, in  the  interests  of  public  health  and  fire  protection. 

Ample  opport^onity  exists  for  the  development  of  future  ground  water  supplies 
for  the  smaller  communities  in  the  basin.  Where  larger  surface  supplies  are 
required,  there  are  several  tributary  streams  which  can  be  developed.   The 
city  of  Attleboro  takes  water  from  three  gravetpacked  wells  near  the  west  bank 
of  Wading  River  and  from  four  wells  in  the  Ten  Mile  River  watershed.  The 
present  yield  of  about  1,932,000  gallons  per  day  can,  if  needed,  be  increased 
by  the  construction  of  additional  wells  of  the  gravel-packed  type  to  provide 
an  ultimate  yield  of  3,000,000  gallons  per  day. 

Flood  Control     No  necessity  for  flood  control  works  exists  on  the  Taunton 
River.  Occasional  freshets  overflow  the  lowlands  along  the  river,  but  cause 
no  serious  trouble.   The  valley  storage  in  ponds  and  swamps  absorbs  a  con- 
siderable part  of  the  excess  runoff.   The  history  of  the  river  does  not  in- 
clude instances  of  extreme  discharges.   In  193^)  when  other  rivers  in  New 
England  were  experiencing  high  flood  stages,  the  peak  discharge  at  the  State 
Farm  gaging  station  on  the  Taunton  River  amounted  to  3O26  cubic  feet  per 
second  from  the  266  mileage  of  drainage  area,  a  -unit  discharge  of  slightly 
over  11  cubic  feet  per  second  per  square  mile.   In  cases  where  mills  located 
above  the  tidewater  portion  are  affected  by  freshet  flows,  locn.1  inexpensive 
measures  may  be  talcen  to  prevent  damages. 

Power     At  one  time  there  were  over  80  small  water  power  developments  on  the 
river  and  its  tributaries,  but  by  I9I8,  this  number  had  been  reduced  to  fifteen 
installations,  with  heads  varying  from  six  to  twenty-one  feet.   The  total  head 
developed  at  that  time  was  I98  feet,  and  the  wheel  capacities  totaled  2250 
horsepower.  Not  all  of  these  fifteen  v/ere  then  in  operation,  and  since  then 
still  others  have  been  abandoned  and  steam  plants  substituted.  Probably  not 
over  five  hundred  horsepo\7er  are  developed  by  means  of  waterwheels  on  this 
river  at  present. 

The  amount  of  undeveloped  power  is  so  small  that  in  no  case  weald  it  be  ec- 
onomically feasible  to  undertake  development.   The  cost  of  such  development 
of  hydro  power  would  be  much  higher  than  the  cost  of  like  amounts  of  steam 
power  or  of  purchased  electric  power. 

There  is  little  opportunity  for  the  development  of  new  storage  reservoirs  or 
for  enlarging  existing  bodies  of  water.   The  topography  of  the  basin  is  so  flat 
that  very  few  sites  are  available,  and  the  cost  of  developing  those  sites 
which  do  exist  would  be  excessive.   Great  Ceds,r  Swamp  on  Town  River  is  the  one 
outstanding  reservoir  site.   By  constructing  a  new  dam,  ten  feet  higher  than 
the  old  one,  a  reservoir  of  16,200  acre-feet  caoacity  would  be  created.   In 
connection  with  this  reservoir,  there  is  a  nead  of  nine  and  one-half  feet 
which  could  be  developed. 
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Navigation     The  Fall  River  waterfront  is  on  the  east  side  of  the  Taunton 
Hiver,  at  the  head  of  Mt.  Hope  Bay.   Terminal  facilities  consist  of  I7  piers 
having  12,000  feet  of  docking  space  and  wharves  providing  7OOO  feet  additional 
docking  space.   Three  piers  have  direct  railroad  connection.   The  principal 
cargoes  of  vessel  traffic,  which  in  I936  amounted  to  about  2,023,058  tons,  are 
coal  and  petroleum  products.   The  New  England  Steamship  Company  operated  until 
the  summer  of  I937  a  boat  line  hetween  Fall  River  and  New  York.   The  number 
of  passengers  carried  in  I936  was  106,707» 

A  channel  30  feet  deep  at  mean  low  water  and  UOO  feet  wide  through  Mt.  Hope 
Bay  and  Fall  River  Harbor  has  been  dredged  to  the  Brightman  Street  Bridge. 
The  work  authorized  is  about  90^  complete,  and  it  is  estimated  that  the  v/ork 
yet  to  be  done  will  cost  $65,000. 

The  fifteen-mile  channel  from  Fall  River  Harbor  tc  Taunton  is  being  deepened 
and  widened  as  authorized  by  Congress.   The  channel  will  ultimately  be  12  feet 
deep  at  mean  low  water  and  100  feet  wide  for  most  of  the  distance,  narrowing 
to  60  feet  at  the  upper  end.   The  present  depth  above  Dighton  of  about  6  feet 
makes  it  unsafe  for  boats  drawing  over  nine  feet  unless  the  trip  is  made  on 
the  tide.   Construction  is  about  23^  complete,  .and  the  Army  Engineers  have 
recommended  the  expenditure  of  $60,000  on  the  project  for  the  fiscal  year  of 
1939«   The  tonnage  carried  up  the  river  has  been  greatly  reduced  in  the  past 
ten  years,  dropping  from  75,111  tons  in  I927  to  ^,h'jk   tons  in  I936. 

Drainage     About  kfo   of  the  Taunton  basin,  or  an  aggregate  area  of  nearly 
twenty  square  miles,  is  swamp  land.   These  low-lying  lands  have  been 
partially  reclaimed  as  a  measure  of  mosquito  control. 

Erosion     Soil  erosion  is  not  a  problem  of  great  significance  in  the  basin, 
nor  has  silting  of  the  river  occurred  to  any  appreciable  extent. 

Recreation     Although  on  three  sides  of  this  basin  there  are  attractive 
seashore  recreational  areas,  the  swimming  facilities  near  Fall  River,  Brockton 
and  TaiHiton  can  be  advantageously  augmented.   Facilities  for  other  types  of 
recreation,  available  in  the  publicly  owned  forests  in  the  Taunton  basin, 
could  well  be  supplemented  by  restricted  recreational  activities  on  public 
water  supply  areas  whenever  such  multiple  use  can  be  effected  without 
jeopardizing  the  T/atcr  supplj;-. 

The  lower  reaches  of  the  Taunton  are  so  polluted  that  there  is  small  likelihood 
of  developing  a  satisfactory  environment  for  game  species  of  frcsh  or  salt 
water  fish. 

Only  through  further  stocking  of  tributary  streams  and  ponds  can  fresh  water 
fish  be  maintained  in  numbers  adequate  to  meet  the  demands  of  sportsmen.   Ex- 
tensive development,  both  urban  and  recreational,  has  accelerated  the  depletion 
of  the  wild  fowl  population  in  such  degree  that  rigorous  protective  measures 
to  prevent  virtual  extinction  of  those  species  most  sought  after  by  hunters 
are  necessary. 
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IIAIEAG-AITSETT  EAY-EASTERI7  COmiEC'riCUT    XASTAL  BASIIIS 


GSIIEPAI;  DSSCaiPTIOI'l 

Tliis   region  co:.v^^rises   the    state   of  F.hode   Island,    except   the  lower  Black- 
stone  and  -opper   Tharaes  "basins,    ar.d  the    small  portion  of  eastern' Con- 
necticut "bordering  on  Long  Island  Soxmd.      The  area  contains  a  ivoi^roer 
of  coastal  streaiis  eraptying  into  llarragansett  Bay  or  Long  Island  Soixid, 
the  If-rgest  of  which  are   the  Pav/tircet  and  pawcatuck  Rivers  discliarging, 
respectively,    into  aarragansett  Bay  and  Little  Harragansett  Bay. 

The   region  has  an  area  of  ahout   IO5O   sq-uare  miles,    no  point   in  vtoich 
is  more  than  25  railes   from  tidev/ater.      Numerous  expanses  of   swai.ipland 
are  fouiid  in  this  district,   particiolarly  along  the  Connecticut   shore 
and  in  southeastern  Rhode   Island.      The  water  area,    exclusive  of  swa;-.ras, 
amoijnts   to  nearly  10^  of   the   total  area. 

The  -onderlying  rock  formation,  largely  of  granite  and  other  igneous 
rocks,  is,  in  general,  thickly  covered  with  glacial  sand  and  gravel, 
some  of  which,  particula.rly  near  the  western  portion  of  ITarre^-aiisctt 
Bay,  is  heavy  enough  to  ho  of  uGiinite  value  as  farmland.  Over  2'3f; 
of  the  total  area  is  cleared  fa,rmland,  most  of  it  devoted  to  truck 
farming.  liuch  of  the  interior  of  the  region  is  wooded,  v;ith  second 
growth  hardv/oods  jredominating. 

The  average  a:.inu:il  rainfall   over  the   district  varies  from  k'j)   to  US 
inches,    evenly  distri'buted  tlor o-a,'=;hoiit   the  year.      The   tempcr-.turcs  are 
somewh3,t  less   extreme   than  in  other  parts  of  l^ew  England,    avcragijig' 
a"bout  30  to  32  degrees  in  the  \7intcr,    and  66  to  62  degrees  in  the    svum- 
mer. 

The  largest  river  in   the   region   is   the  Pawcatuck,   an  interstate   strcciii 
which  flows   throug^i  Rhode   Island  fo-r  half  its   twenty-mile   coui'sc  and 
for  its  last   ten  miles, . 'before   discharging  into  Little  KTarragrjisett 
Bay,    foi'n.s  the  "boimdary  line  hctv/cen  Connecticut  and  Rhode  liiland.      Tlie 
extro:..o  length  of  the  "basin  is,  a"b out  23  miles;    its  maxim/Jiu  ■■idth  the 
same.      It  drains  an  area  of  255.3  square  miles,   of  which  233-1   square 
miles  are    in  Rliode   Island.      The   river   is   formed  "by   the  union  ox    the 
Charles  end  Y/ood  Rivers  which     drain     the  great   swamp  region  of  south- 
western "^hode   Island.      Its   course  lies   in  country  which  is  mostly  roll- 
ing,  "but  contains  ponds  and  sv/araps  rauo^jnting  to   9^  of   the    total  rro-  . 

The   river  is   tidal  and  naviga"ble   as  far  as  Westerly,   Rhode   Island,    five 
miles  above  the  mouth.     Westerly  and  its.  surrounding  communities  contain 
over  75}J  of  the  pop-'olation  in  the  "basin. 

The  Pawtu-cet  River,    the    second  l,v/rgcst   in  the   region,   has  a  drainage  area 
of  232   square  miles.      The   extreme   dim.ensions   of   the  "basin  are   21  miles 
in  length  ojid  I9  in  v/idth.      The  main  river  is  formed  "by  the  union  of  the 
North  and  South  Branches  at  River  point.      The  drainage  "basin  is  und-alating 
the    soil  gravel   and  sand. 

The  Horth  Branch  watershed  contains  the  Scituate  Reservoir,   v/hich  con- 
trols a'bout  ^O^i  of  the   total  drainage  area  and  si5)plies  vvator  to  Provi- 
dence anc".  surroinding  tov/ns. 
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The  Moshassuck  River  fcasin,  an  area  of  22.6  square  miles,  adjoins  the  lower 
end  of  the  Blaokstone  basin  in  the  cities  of  Providence,  Pawtucket  and  Central 
Palls  and  the  town  of  Lincoln.   Tlie  waters  of  this  valley  are  used  largely 
in  manufacturing  processes  at  the  several  mills  located  along  its  streams. 
The  river  discharges  into  the  Providence  River  at  Memorial  Square,  in  the  city 
of  Providence. 

The  Woonasquatucket  River  drains  a  hilly  area  of  52.3  square  miles,  having 
an  extreme  length  of  about  I3  miles  and  an  average  width  of  about  6  miles. 
The  river  discharges  into  the  head  of  Providence  River,  at  Memorial  Square, 
in  the  city  of  Providence.  A  number  of  reservoirs  located  on  the  tributaries 
serve  to  eqiialize  the  stream  flow,  thereby  increasing  the  power  values  at  a 
number  of  plants  on  the  main  river. 

The  Potoromut  River  basin  lies  southeast  of  the  Pa',vtuxet  basin  and  adjoins 
the  Pawcatuck  basin  for  a  short  distance  in  West  Greenwich  and  Westerly.   The 
drainage  area  of  about  23  square  miles  lies  almost  entirely  in  the  town  of 
East  Greenwich. 

The  Pettaquf-mscutt  River  basin,  covering  only  lU  square  miles,  drains  parts 
of  the  towns  of  North  Kihgsto;7n,  South  KingstOT.m  and  Narragansett.   The  lower 
portion  of  the  stream  is  tidal  and  is  commonly  cnllod  Narrow  River. 

The  Saugat'ock  River,  in  South  KingstOF/n,  drains  an  area  of  I7.5  sqioare  miles 
and  empties  into  Point  Judith  Pond,  a  tidal  estuiiry  tributary  to  Block  Island 
Sound.  The  Annaquatucket  River  has  a  drainage  area  of  9  square  miles  and 
flows  in  an  easterly  direction  to  Bissel  Cove. 

The  Mystic  River,  draining  a  portion  of  southeastern  Connecticut  lying  between 
the  Pawcatuck  and  Thames  watersheds,  is  about  10  miles  long  and  is  tidal  in 
its  lower  portion.  The  slope  of  the  river  is  very  gradual.  The  Niantic 
River,  which  flo\7S  into  Long  Isl^md  Sound  about  half-way  between  the  mouths 
of  the  Thames  and  Connecticut,  is  formed  'o^  the  junction  of  Great  Brook  and 
Lakes  Pond  Brook,  on  which  is  situated  the  New  London  Reservoir.  Below  the 
jujiction  of  the  two  brooks  the  Niantic  is  tidal. 

There  are  no  stream  gaging  stations  on  the  rivers  in  this  region,  nor  are 
measurements  of  runoff  available.  Applying  unit  values  obtained  on  streams 
in  adjoining  territory,  the  runoff  is  estimated  at  Between  I.55  and  I.65 
cubic  feet  per  second  per  square  mile. 
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Fop-glation     This  region  contained  in  I33O  a  population  of  --gU.OOO,  of 
which  nii.foor  aoout  ^52,000  vrere  in  the  Narragansett  Say  section  and 
U2,000  in  the  Pa-^catuclc  basin  and  adjoining  territory  in  southv/et^tern 
FJiode  Island  ond  eastern  ConnecticTLt  co.-.stal  area:S.  Thro"jghout  this  re- 
gion there  is  a  wide  variation  in  population  densities,,  ra:ieinc  from 
lU.OOO  per  square  nile  within  tl'-s  Providence  city  Units  to  less  tlloji 
50  per  square  ;aile  in  portions  of  the  southern  and  v;estern  sections. 
Two-thirds  of  the  population  lives  in  one-tenth  of  tlie  state  area,  and 
over  90p  1^  ^^ic  eastern  half.   Tne  concentration  of  population  is  in 
the  northeastern  part,  cliiefly  in  Providence  and  Pawtuckct.  The  £;rowth 
of  the  ilarrai^ansett  Bay  region  corresponds  to  that  of  the  entire  state 
of  Kliode  Island,  which  shov/ed  approximately  lU^j  ga.in  in  the  I52O-I930 
decade  and  a  loss -of  nearly  1,'j  'between  I93O  and  1936.   The  P,-;,'.7catuch 
and  Connecticut  coastal  areas  grew  only  about  half  as  rapidly  iDctween 
1320  and  1930  as  the  Bay  region. 

Tho  -orban  population  comprises  92$'j  of  ,the  total.   Cities  y/nd  tovms  liaving 
over  10,000  population  arc: 

Population  .1930 


percent   in  Basin 

"Total  Po-tjI-; 

Providence,       T=Lhode 

Island 

Oofo 

232, 9S1 

Pawtuckct,              " 

II 

lOfo 

77.1^^9 

Cr;anston,                 "   ■ 

" 

lOOfo. 

^^2,911 

East  Providence , " 

It 

3ofo 

29,995 

Newport,                   " 

" 

lOOfo 

27,612 

Warwick,     '             " 

1' 

lOOfS 

23,196 

Yfest  Warwick,        " 

" 

lOOfi 

17,696 

Bristol,                  " 

M 

lOOf. 

11,953 

Westerly,                " 

II 

lOOfo 

-10,997 

Stonin^'to:-' ,    Connecticut 

100)6 

11,025 

C-roton,                     " 

Hof. 

10,770 

Most  of  providence  ana  parts  of  East  Providence,  Pawtuc]-ct,  a:id  G-roton 
lie  in  this  basin.  There '.are,  lyir^  v.holly  or  partly  within  the  ba^^in, 
five  towns  having  populations  of  between  5,000  and  10,000;  13  tovrns  of 
between  25OO  and  5OOO;  and  I3  of  lose  than  2500. 

Tho  future  trend  of  Rliodc  Isln,nd  population  is  difficult  to  predict  be- 
cause of  tbo  decrease  that  occurred  botv/oen  I93O  o,nd  1935.   This  was  a 
reversal  of  the  increasing  trend  that  load  boon  maintained  without  a 
brcrlc  since  ISOO.  Prom  ISoO  to  1910  the  avcr.agc  increase  v;as  about  25^ 
per  decade;  from  I3IO  to  I92O,  llf.;  and  from  I92O  to  I93O,  nearly  ikfa. 
Tho  indivia.ua.l  coimunities  that  gained  between  I92O  and  1930,  shovm  on 
Map   ,  arc  nearly  all  in  the  thickly  settled  region  of  metropolitan 
Providc::.cc.  For  that  natter,  these  coninunitics  showed  consistent  growth 
in  each  decr.de  betv/ecn  190O  -.nd  I93O.  Providence  gained  6.3^^  betv/een 
1920  and  1930,  but  lost  hf:   in  the  next  five  years;  Pawtucket  e:cporienced 
a  20fj  gain  followed  by  a  65$  loss.   'Bie  largest  losses  since  I93O  have  oc- 
curred in  metropolitan  Providence  and  in  other  prominent  industrial  towns. 
In  general,  the  siiialler  places  gained  slightly.   The  loss  since  1930  is 
ascribed  principally  to  decreased  activity  in  manuf ac tmung ,  especially 
of  textiles,  and  to  the  closine;  of  mamerous  mills,  follov/ed  inevitably  by 
the  emigration  of  many  workers. 
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Towns  in  the  Px.vcatuck  basin  and  Connecticut  coastal  section  suffered  almost 
no  loss  in  popiiLation  thronj^h  the  depression  years. 

A  gain  in  population  in  this  region  will  probatly  accompany  future  improvements 
in  the  industrial  situation.   It  has  been  estimated  by  competent  authorities 
that  the  population  in  Rhode  lelauid  by  19bO  would  be  only  l^fo   more  than  that 
of  I93O1  an<i  that  it  would  become  stabilized  oy   that  time. 

Agriculture     In  Ehode  Island  as  a  whole,  of  which  these  drainage  areas  form 
the  greater  part,  only  Sfo,    or  52,000  people,  are  classified  as  rural,  and  of 
this  number  about  10,000  axe   listed  as  riiral  farm.  Of  the  total  state  area, 
two-fifths  is  farm  lar.d,  the  holdings  averaging  about  75  acres.   The  soil  in 
the  western  part  of  the  state  is  of  low  agri colt oral  value  but  in  the  eastern 
half  there  is  some  of  the  best  farm  land  in  Ner;  Er.glcnd,  second  only  to  that 
of  the  lower  Connecticut  v-alley.  Dairj  farming  accounts  for  the  largest  por- 
tion of  the  acreage  and  of  farm  revenue,  which  totaled  for  the  state  in  I93O 
about  $10,000,000. 

The  acreage  used  for  farming  in  Hiiode  Island  has  been  decreasing  for  many 
years  and  the  only  growth  has  been  in  the  number  of  small  farms  —  under  ten 
acres.   In  the  eastern  part  of  the  state  there  is  a  tendency  for  large  holdings, 
many  of  them  country  estates,  to  be  subdivided  for  intensive  truck  gardening 
purposes  or  for  rural  recidontial  use.  Part-time  farming  as  an  adjunct  to 
manufacturing  occupations  will  probably  increase. 

Indus  try     Tlie  llarragansott  Bay  region  is  highly  industrialized,  leading 
all  others  in  Kew  England  in  1933  i^  t^^'^-t  over  half  of  its  workers  were  en- 
gaged in  manufacturing.  All  of  the  cities  listed  above,  with  the  exception 
of  Newport  and  Stonington,  ere  important  industrial  centers.   Textile  manu- 
facturing; —  cotton,  wool  and  rayon,  including  d;,-eins  and  bleaching  —  is  the 
basic  industry.  Many  other  lines  of  n-inufacture,  however,  especially  in  and 
about  Providence,  provide  a  substantial  part  of  the  industrial  revenue.  Most 
of  the  industries  are  localed  on  or  near  stre.ams  draining  into  Narragansett 
Bay,  comparatively  fer.  being  in  the  Pawcatuck  basin  and  eastern  Connecticut 
coastal  regions. 

The  Pawtuxet  River,  and  to  a  lessor  extent,  others  in  the  region,  provide 
power  and  water  for  numerous  mills  and  receive  large  quantities  of  industrial 
waste.   Oil  distribution  plants  at  the  upper  end  of  ITarragansett  Bay,  important 
industrial  units,  present  a  serious  pollution  problem. 

The  trend  in  m.onufacturing  indicates  a  change  from  the  heretofore  predominant 
cotton  textiles  to  woolen  and  worsted,  also  diversity  in  the  cotton  industries 
toward  allied  lines  svcn   as  knit  goods,  cotton  small  wares,  silk  and  rayon. 
Efforts  are  being  made  to  broaden  the  industrial  base  by  establishing  increas- 
ingly varied  lines  of  manufacture. 

Mining     Stone  production  in  this  region  is  confined  principally  to  granite 
quarrying,  carried  on  chiefly  at  Westerly.   These  quarries,  in  operation  for 
nearly  a  century,  are  noted  for  the  exceptionally  fine  qviality  of  their  stone. 

Lumbering     Forest  products  consist  principally  of  cuttings  on  farm  woodlots, 
supplying  a  small  part  of  farm  income. 
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The  acqioisition  of  additional  pii.licly  owned  forest  land  v/ill  pro^Jatly 
brine  a'bout  a  liniitcd  voluae  of  controlled  tirntor  production,  altliough 
such  areas  will  do  used  for  sokg  years  primarily  for  doaionstration  and 
recreational  purposes. 

Fi shine^     Oyster  fishinf^,  principally  in  Narragansett  Bay,  supplcr.onted 
■fay  other  types  of  fishing  lorms  an  importrnt,  although  not  Ipjrgc  industry. 
The  shell  fisheries  arc  affected  oy  the  polluted  condition  of  the  oay, 
caused  "by  the  streams  drainin^^  into  it  and  hy  oil  from  the  largo  dis- 
trihutinc  plants.   Measures  iiave  'bcon  taken  hy  the  state  to  coiitrol  and 
improve  the  condition  of  the  v/atcrs  of  the  hay  for  the  protection  of  the 
fishing  and  recreational  interests. 

In  the  Connccticiat  coastal  section  of  this  area  coiruncrcial  fishing  is  a 
minor  activity. 

Rocroation     Tiiore  arc  in  this  area  raoro  than  a  thousand  acres  of 
statc-ovmcd  land  devoted  to  recreation.   The  development  of  additional 
areas  is  desiraolc  to  meet  the  needs  of  the  thickly  settled  commraiities. 
The  ma.jor  recreational  activities  in  this  region,  hov;evcr ,  oxc   aquo-tic 
sports,  v/hich  depend  not  on  the  acreage  of  public  lands,  "but  on  the 
length  of  prf'tcctcd  shore  line,  lloj-ragansctt  Bay  and  the  eastern  coast 
of  Connecticut  are  highly  developed  centers  of  recreation,  attr;-',cting 
thousands  of  seasonal  residents.  A  va,st  arao-ont  of  ijrivo.tc  capital  has 
"been  invested  in  swimming  facilities,  yacht  clubs,  summer  hones  raid 
hotels. 

The  v/atcrs  along  the  shore  of  CorniOGticut  bct\/ccn  Point  Jvilith  and  the 
mouth  Ox  the  Thames  are  relatively  free  from  pollution.   In  llarragansctt 
Bay,  hov/evcr,  the  tremendous  recreationtil  investment  is  scriou.sly  i^a- 
pcrilcd  by  industrial  and  domestic  xjollution.   The  SeekonJk  cxlCl  Providence 
Rivers,  Apponaug  DJid  Grccnv/ich  Coves,  sections  of  Wrrron,  Barrington  and 
Bristol,  and  all  of  upper  WarragaJisctt  and  Mount  Hope  Ea.yc  have  been 
closed  to  shell  fishing.   In  all  of  those  v/ators  the  degree  of  pollution 
is  so  liigh  that  health  is  actua.lly  jeopardized  by  swiiTuning  in  tiiCm. 

Transportation     Narragansctt  Bay  is  a  waterway  froja  the  Atlp„ntic 
Occr:i   to  several  important  cities:   through  the  Providence  Klver  aJid 
harbor  to  providence;  througli  the  Scckorii:  River  to  Pawtucl:et;  tljrovigh 
Ht.  Hope  Bay  to  JTall  River;  direct  to  Hcwport  and  other  poijits.   To 
accomaodatc  comracrcial  traffic,  the  largest  part  of  which  rocs  to 
Providence,  chcjancls  arc  maintained  from  the  deeper  parts  of  the  Bay 
to  the  various  ports.   There  is  also' local  traffic  in  Bristol  hor-oor, 
the  "Jarren  River  and  other  locations  on  the  Bay. 

In  the  southern  coastal  section,  Point  Judith  Pond  is  navigable  for 
vessels  of  limited  draught  to  the  town  of  Wakefield;  the  Pavreatuck 
River,  r^orming  part  of  the  boundary  between  Rhode  Island  rnd  Comiecticut, 
is  navigable  for  five  miles  frora  its  mouth  to  Westerly;  C-roton  rn.d  New 
London  are  accessible  froai  the  ocea:i  throiigh  the  Thiuaes  River  and  Hew 
London  haxbor. 

This  region  is  provided  with  an  ':::';ensive  systeai  of  main  and  secondary 
highways.   On  account  of  the  large  vol\}jae  of  traffic  -  both  pleas^ore  and 
commercial  -  .additional  facilities  are  desirable  for  the  relief  of  con- 
gested routes,  especially  in  the  vicinity  of  Providence.   State  and  re- 
gional pla-ining  agencies  have  recomjaended  consideration  of  constriicting 
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a  highway  link  from  Route  #1  at  a  point  south  of  Providence  to  Fall 
fiiver  and  the  Cape.   Construction  of  this  link,  by-passing  Providence, 
would  necessitate  the  erection  of  a  bridge  across  the  northern  arm  of 
Narragansett  Bay. 

Adequate  railroad  service  is  provided  for  practically  all  the  important 
cities  and  towns  in  this  area  by  a  network  of  lines  centering  at 
Providence,  including  the  main  shore  line  of  the  N.Y.K.H.(2:  H.R.R.  between 
Boston  and  New  York,  and  a  line  from  Newport  through  Pall  River  to  Boston. 
In  many  sections,  th.:  railroad  is  supplemented  by  highviay  bus  and  truck 
service. 

Scheduled  air  transportation  facilities  arc-  provided  by  American  Air- 
lines, Inc.,  at  the  Rliode  Island  State  Airport  at  Hillsgrove,,  about  six 
miles  south  of  Providence.  Additional  landing  fields  are  locr.ted  at 
Charlestown,  Newport,  Sinithfield,  Seekonk,  and  on  Block  Island.   Eastern 
Connecticut  is  served  by  the  state  airport  at  Groton  in  the  Thames 
basin.   It  will  be  desirable  to  establish,  eventually,  seasonal  service 
from  Ne'./  York  to  the  recreation  centers  on  Narragansett  Bay. 
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WATER  USE  AITP  CONTROL 

Pollution     Scattered  thro-ughout  the  district  are  ntunerous  communities,  most 
of  them  small,  where  public  sewers  are  needed,  at  least  in  the  principal  vil- 
lages.  Construction  of  sewerage  systems  in  these  villages  has  "been  slow, 
chiefly  because  they  have  no  political  entity  in  themselves  ajid  cannot  act 
except  with  the  consent  of  the  towns  or  townships  in  which  they  lie. 

Throughout  the  district  industries,  large  and  small,  discharge  wastes  which 
cause  serious  contamination  of  streams.   In  numerous  cases,  these  industries 
are  not  located  near  any  municipal  sewerage  systam  and,  in  some  instances, 
the  quality  of  the  wastes  is  such  as  to  require  treatment  radically  different 
from  that  commonly  employed  for  domestic  sewage.   The  problem  cannot  be  solved 
satisfactorily  until  comprehensive  investigations  have  been  mr.de,  until  sound 
and  equitable  procedures  have  been  formulated.   This  applies  not  only  to  the 
Narragansett  Bay  section,  but  to  all  similar  industrial  areas  in  Kew  England. 

There  are  no  active  sources  of  pollution  on  the  Moshassuck  River  above  Sayles 
Pond;  but  below  this  point  the  river  receives  indiistrial  pollution  from 
several  mills,  together  with  the  partially  treated  effluent  from  thu  Central 
Falls  sewage  treatment  works,  with  the  result  that  between  the  Providence 
city  line  and  the  junction  with  Providence  River  the  river  is  obnoxioiis  both 
to  sight  and  smell. 

The  water  in  the  West  River,  principal  tributary  of  the  Moshassuck,  carries 
industrial  pollution  and  hence  is  of  no  help  in  diluting  pollution  in  the 
main  stream. 

The  Wo onas qua tucket  receives  industrial  wastes  from  the  mills  along  its  banks 
but  the  general  appearance  of  the  river  is  not  greatly  affected  thereby.  Much 
of  the  industrial  waste  discharged  by  mills  within  the  city  limits  of  Provi- 
dence is  taJcen  by  the  mujiicipal  sewers,  but  that  portion  of  the  v/aste  which 
is  not  collected  is  sufficient  to  cause  visible  pollution  near  the  mouth  of 
the  river.   The  pollution  at  this  point  is  increased  by  the  tidal  flow  carry- 
ing waste  originally  discharged  from  the  Moshassuck.   To  rid  this  river  of 
polluting  matter,  there  has  been  suggested  constrtiction  of  a  trunk  sewer  in 
the  valley  from  Georgiaville  to  the  Providence  sewers. 

The  upper  reaches  of  the  Pawtuxet  valley  are  sparsely  settled,  but  the  lower 
portion  is  highly  developed  industrially.  More  than  twenty  cotton,  woolen  and 
lace  mills  discharge  their  wastes  into  the  river. 

On  the  Pocasset  River,  a  small  stream  tributary  to  the  Pawtuxet,  is  situated 
the  city  of  Cranston,  the  largest  New  England  city  without  a  municipal  sew-rage 
system.  A  large  print  works  in  this  city  discharges  volxines  of  dye  and  wash 
water  which,  together  with  the  discharge  of  domestic  sewage  from  individual 
outlets,  grossly  pollute  the  river. 

The  construction  of  sewer  systems  in  the  Pawtuxet  .and  Pocasset  River  valleys 
to  serve  the  city  of  Cranston,  part  of  Warwick  and  villages  in  the  towns  of 
Johnston,  West  Warwick  and  Coventry  is  urgently  needed.  An  investigation  of 
the  whole  problem  might  damonstrate  the  feasibilitv  of  building  a  trunk  sewer 
and  single  treatment  plant  to  serve  these  communities. 
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The   Seekonk  Eiver   receives  discharges   from   the  Elac:: stone  Hiver,    of  which   it 
is  a   continuation;    from  Pawtucket  and  Phillipsdale  mills;    and,    alonfr  its 
west  banl<:,    from  the   storm  overflows  of  Providence   combined  sewers.      Deposits 
of  sewage  and  industrial   sludge  ranging  in  deoth  from  a  few  inches  along  the 
west    side    to   several   feut *in   the  vicinity  of  Phillipsdale  have   accumulated 
on  the   rivdr  "bottom. 

The   Providence   Hiver  is   the   locus  for   the   pollution  from   the    Seekonk,    Mo- 
shassuck  and  Woonasquatucket   rivers,    as  well    as   the    treated  effluent   discharged 
from   the  Providence    treatment  works  which  is  brought  upstream  by  tidal  action. 
The   result   is  gross  pollution  of   the    river,    a   conaition  which  demrnds 
rectification. 

The    Saugatuck  Hiver  is  heavily  charged  wi  tn  wastes  originating  in   the  mpjvi- 
facturing  plants  at  Peaced-^le   arid  Wakefield.      Wakefield  has  no    sewer   system, 
but   domestic   sewage   from   this  village   reaches   the   river   through   several 
outlets  and  pollutes  the   tidal  waters  of  Point  Judith  Pond.     A  sewer  system 
•and   treatment  plant   should  be  provided   to  handle    the    sewage   from   the 
popul-^.ted  part   of   the   nvep.. 

Westerly,    Riiode   Island,    located  it   the   head  of   the  Little  Nqrr.igansett  Bay 
and  at   the  mouth  of   uhe  Pawcatuck  River,    has  a  sewer   system  and   treatment 
plant  which  comprises  an  Imhoff  t.ank  sjid  a  sludge  bed.      Above  Westerly  there 
is  little  pollution  except   at  Hope  Valley,   Louisville   .and  Wyoming,    where 
raw   sewage   and  industrial   wastes  enter  the   river. 

The   thickly  settled  residential  areas  along   the    shores   of  ITarragansett  Bay 
sre   additional   source.-,  of  pollution.      Large   quantities   of  polluted   water 
from  Massachusetts   enter  Mount  Hope  Ba.y,    which  empties   into   Narragansett 
Baj''  and   the    Sakonnet  Hiver.      Tiverton  and   'Newport,    having  no    sewage   treat- 
ment  plants,    are  likewise    sources  of   pollution. 

Considering  the  unus.i.^l   recreational   advant^iges  of   this  bay,    also   the    shell- 
fish industry  possibilities,    improvements   in  the  present  methods  of   sewage 
disposal  are  neces:;ary,    particularly  at  I''evriort,  viiere   intercenting   sewers 
and  a   treatment  plant    should  be   corstnacted. 

In  the  past   the  problem  of  oil  pollution  ha^  been    serious  in   this  bay  ever 
si;.:ce  Providence  and  vicinity  becnme   an  important  oil   distribution  center. 
While   effective  pollution  control  measures  have  ''oeen  established,    it    is  of 
primary   importance   t.hat  every  practicable  method  be  employed  to   protect    the 
waters  of  Narragansett  Bay   from   this  potential   source   of  contamination. 

Water  Su-pply  In  general,    the   region  has  water   supplies  adeouate   for 

both   industrial   and  domestic  uses.      Many  commujiities  which  pjre  not   at   T^resent 
served  by  public   systems  will   soon  require    Guch   systems;    in   some   instances, 
extensions   to   existing   supplies  vdll  be   needed. 

There   are  many  potential   sources  of   surface  water   supply  located  near   the 
headwaters   in  western  Ei';de   Island  and  eastern  Connecticut,    but   few  of 
these   are   nen,r  industrial   centers.      Ground  wqter   so-irces     are  used  by  many 
industri-al   and   small  public   ^applies.      In  general,    these   sources  a.re   of  good 
quality,    although  in   some   cases   the   iron   content   is  excessive. 

Commionities  along  the:  eastern  shore  of  Narragansett  Bay  are  provided  with 
supply  systems.  As  n'ted  in  the  Blackstone  River  section  of  this  Report, 
East  Providence   is   sui^plied  with  comoletely  purified  water  dravvTi  from   the 
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Ten.  Mile  aiver.  Warren,  Barrington,  and  Bristol  have  a  common  supply,  com- 
pletely purified,  which  is  obtained  fro.-n  the  Palmer  and  Kickamuit  rivers, 
whose  drainage  areas  lie  almost  wholly  in  Llassachugetts .   Interstate  co- 
operation is  necessary  to  rnaintain  a  ren-sonsble  freedom  from  contamination 
of  these  waters.  The  Tiverton  Fire  District  now  obtains  water  from  ground 
sources,  but  can,  if  it  becomes  necessary,  draw  unon  Stafford  ?ond. 

Nev/port  and  part  of  Middletown,  both  located  on  Newport  Irland,  and  James- 
town on  Conanicut  Island  are  served  by  the  Newport  Water  Company.   The  water, 
completbly  jiurified,  is  obtained  from  several  brooks  and  from  a  reservoir  on 
the  main  brook  on  Conanicut  Island.   The  present  supply  is  inadequate  and 
studies  should  be  made  with  a  view  to  constructing  a  new  reservoir. 

Within  the.Pawtuxet  Hiver  basin  is  the  largest  Hhode  Island  source  of  supply, 
the  Scituate  Reservoir,  located  on  the  North  Branch  of  the  river.   The  water 
from  this  reservoir,  after  purification,  is  used  by  Providence  and  parts 
of  North  Providence,  Johnston,  Warwick  and  Cranston.   The  storage  capacity 
is  sufficient  to  take  care  of  anticipated  needs  of  these  communities.   Tne 
Pawtuxet  Valley  Yfater  Company  supplies  about  350,000  gallons  daily  to  villages 
along  the  North  Branch  of  the  river,  deriving  its  supply  from  a  small  brook 
above  Fiskeville.   The  water  receives  chlorination,  but  even  with  this  treat- 
ment it  is  not  of  so  good  quality  as  aru  other  Rhode  Island  waters.  Zast 
Greenwich  and  Wakefield  have  individual  water  supplies,  the  latter  a  partially 
treated  surface  supply  with  poOr  bacterial  rating. 

The  coastal  area  in  the  southwestern  part  of  the  state  is  sparsely  settled. 
In  the  Pawcatuck  River  basin.  Westerly,  the  largest  community,  is  provided 
with  a  well  supply.   The  upper  portion  of  the  basin  has  small  population 
groups  and  hence  presents  nc  difficulties.   The  swarnpy  nature  of  large 
portions  of  the  basin  precludes  the  use  of  these  areas  for  future  surface 
supplies  but,  by  the  same  token,  well  supplies  can  easily  be  obtained. 

In  the  coastal  area  in  the  southeastern  part  of  Connecticut,  the  population, 
for  the  most  part,  is  served  by  water  supplies-   There  are  a  number  of 
streams  directly  tributary  to  the  Sound  which  can  be  utilized  for  future 
surface  supplies.. 

Considering  t.'ie  population  density  in  Rhode  Island,  the  water  supplies  are 
well  regulated.   This  is  proven  in  part  by  the  low  typhoid  death  rate. 
Some  of  the  surface  supplies  need  more  treatment  than  they  now  receive, 
in  order  to  conform  at  all  times  to  the  standards  of  purity  set  by  the 
United  States  Puolic  Health  Service. 

Flood  Control     The  Pawcatuck  Valley  has  swarap.y  areas  which  retard  the 
ronoff  during  freshet  seasons,  ponds  in  the  headwaters  of  Wood  River,  one 
of  the  principal  tributaries  of  the  Pawcatuck  River,  are  used  as  storage 
basins  for  stream  regulation.   The  occurrence  of  damaging  floods  on  the  river 
is  infrequent,  and  such  dajnages  as  have  occurred  havt  generally  been  due  to 
failure  of  dams. 

Although  at  a  few  locations  reser^'-oirs  might  be  constructed  to  reduce  further 
the  high  water  flows,  nevertheless,  in  view  of  the  infrequency  of  floods  rnd 
the  lack  of  any  decisive  trend  toward  industrial  development  in  this  valley, 
it  is  doubtful  if  such  construction  would  be  feasible. 
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On  the  Pawtuxet  River,  the  flood  flows  of  the  North  Branch  may  be  largely  con- 
trolled "by  proper  operation  of  the  Scituate  Reservoir  which  has  a  drainage 
area  of  about  93  square  miles,  a  water  surface  of  approximately  34OO  acres 
and  a  capacity  of  nearly  5,000,000,000  cubic  feet. 

On  the  South  Branch  four  reservoirs,  with  a  total  water  surface  of  165O  acres, 
have  a  combined  capacity  of  U23, 000, 000  cubic  feet.   Flood  conditions  in  this 
valley,  which  are  troublesome  at  times  of  extreme  freshets,  could  be  controlled 
if  the  capacity  of  Plat  Pdver  Reservoir  were  increased.   It  would  be  possible 
to  raise  the  water  level  of  this  reservoir  about  21  feet  and  to  increase  its 
water  area  from  1000  acres  to  5S00  acres  and  its  capacity  from  261,000,000 
cubic  feet  to  4,000,000,000  cubic  feet. 

Storage  on  the  Moshassuck  Kiver  provides  a  fair  control  in  normal  freshet 
seasons.   However,  in  ISSS,  1927  a-nd  I936  this  storage  was  incapable  of  with- 
holding sufficient  water  to  avoid  damage  along  the  river  below. 

The  Woonasquatucket  River  has  storage  of  236,000,000  cubic  feet.   Certain 
improvements  at  the  reservoir  dams  would  greatly  relieve  the  flood  conditions 
at  points  downstream.  Flood  conditions  on  the  -Potowomut  River  are  not  bad 
except  in  extreme  high  water.   The  construction  of  a  reservoir  in  this  valley 
for  water  supply  for  East  G-reenwich  and  Wickford  would  greatly  reduce  the 
flood  hazard  throughout  the  valley. 

By  and  large  the  rivers  of  this  basin  cannot  be  classed  as  flood-producing 
streams  and  flood  control  is  not  of  prime  importance. 

Power     Even  thougli  these  rivers  are  relatively  small,  they  have  a  fair 
amount  of  natural  fall  \,hich.  for  the  most  part,  has  been  developed.   The  op- 
portunities for  additional  development  on  these  streams  are  few.   The  Paw- 
catuck  River  has  numerous  small  developed  sites,  some  of  v/hich  are  occupied 
by  twine,  v/oolen  and  other  small  plants.   The  U.  S.  Army  Engineers'  Report, 
published  in  1929,  listed  10  sites  at  which  about  7O  feet  of  fall  were  de- 
veloped, with  approximately  25OO  horsepower  installed  wheel  capacities,  of 
which  not  more  than  I5OO  horsepower  were  then  in  use.   The  ano-unt  of  unde- 
veloped power  on  the  river  and  its  tributaries  iv   small  and  is  of  interest 
only  to  the  local  mill  owiaers,  as  it  is  not  suited  to  dex'-clopment  for  elec- 
tricity. 

The  water  power  sites  on  the  Pawtuxet  River  are  fixlly  occupied.   Numerous 
storage  reservoirs  serve  to  reg-.ilate  the  river  flow.   The  total  fall  at  the 
various  dams  on  the  main  river  is  355  feet,  on  the  South  Sranch,  I6U.7  feet, 
and  on  the  North  Branch,  112.0  feet.   A  reservoir  on  the  South  Branch  could 
be  built  to  facilitate  river  regulation  and  flood  control.   Another  use  of 
this  reservoir,  which  may  prove  most  inportant,  would  be  as  an  additional 
source  of  water  supply  for  metropolitan  Providence. 

The  other  rivers  in  the  region  have  a  few  small  pov/er  developments  but  cannot 
be  considered  as  power  streams. 

Navigation     Narragansett  Bay,  the  chief  waterway  of  Rliodc  Island,  is  ex- 
tensively used  by  commercial,  fisr.hing  and  pleasuj-e  craft.   The  principal 
items  of  freight  include  petroleum  products,  coal,  textiles  and  lumber; 
there  is  passenger  service  between  the  Port  of  PpOvidence  and  the  Port  of 
New  York;  coastal  fishermen  secure  large  catches  of  shellfish  it:  the  Bay 
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and  in  the  outside  waters  of  the  Atlantic  Ocean;  and  the  Bay  affords  a  safe 
area  and  fine  facilities  for  yachting.   Newport  Harbor  is  a  famous  yacht 
tasin,  and  several  yacht  yards  are  located  along  the  Bay,  the  most  notable 
be  ins  the  Herreshoff  yar(?  at  Bristol,  where  most  of  the  America's  Cup  de- 
fenders have  been  built. 

Among  the  more  important  commercially  navigable  harbors  and  rivers  are  Provi- 
dence River  and  Earbor;  Pawtucket  (Seekonk)  and  Taunton  rivers;  Fall  River, 
Nev,?port  and  Tiverton  harbors. 

The  tonnage  in  these  rivers  and  harbors  in  I936  totaled  close  to  2,200,000 
tons,  valued  at  over  three-quarters  of  a  billion  dollars,  according  to  the 
1937  Report  of  the  U.  S.  Army  Engineers.   Smaller  harbors  along  the  Sound  and 
at  Block  Island  and  Fishers  Island  handled,  during  the  same  year,  about 
86,000  tons  with  a  value  of  $6,500,000.   The  following  table  gives  the  con- 
trolling depths  and  the  I936  tonnage  and  cargo  values  for  these  waters: 


Controlling 
Dupth  —  Ft. 

1936  Commercial  Traffic 

River  or  Harbor 

Tons 

Value 

Providence  Harbor 

17  - 

■   30 

5,453,870 

631,236,19s. 

Fall  River  Harbor 

30 

2,023,058 

I'U, 172,31+4. 

Taunton  River 

5- 

.  18 

5,U7U 

52,235. 

Seekonk  River 

17 

389. UU5 

6,341,701. 

Newport  Harbor 

13  - 

.  IS 

91.858 

16,241,950. 

Bristol  Harbor 

16 

2.125 

108,284. 

Warren  River 

12 

18,73'^ 

250,258. 

Tiverton  Harbor 

19  - 

■  25 

205,027 

3,013,088. 

Grsat  Salt  Pond 

17  - 

■  25 

2,753 

327,005. 

(Block- Island) 

Harbor  of  Refuge 

15 

6,238 

1,144,100. 

(Block  Island) 

Pawcatuck' River 

9 

23.092 

269,644. 

Stonington  Harbor 

11 

7.270 

200,534. 

Mystic  River 

iH- 

■m 

777 

52,500. 

Hay  (West)  River 

Ik 

1U,7U5 

3.878,623. 

(Fishers  Island)  ' 

Wickford  Harbor 

5  - 

13 

11,657 

259.519. 

Needed  improvements  in  the  navigation  facilities  of  these  harbors  include 
deeper  ship  channels,  enlarged  anchorage  areas  and  additional  breakwaters. 
The  city  of  Providence  is  preparing  for  a  million-dollar  improvement  of  its 
waterfront  and  will  have  ultimately  a  channel  35  feet  deep  at  mean  low  tide. 
Newport  liarbor  can  be  improved  by  deepening  of  the  main  harbor  and  by  dredging 
the  southern  part  of  the  harbor  to  provide  suitable  anchorage  for  small  craft. 
Enlargements  of  anchorage  areas,  with  accompanying  deepening  of  approach 
ch.annols,  are  contemplated  in  Little  Narragansett  Bay,  Pawttixet  Yacht  Basin 
and  Trimms  Pond,  on  Block  Island.   The  facilities  of  Sakonnet  Harbor  can  be 
improved  by  the  construction  of  a  breakwater  to  afford  shelter  from  northerly 
storms. 


Drainage     Fresh  and  salt  marshes  are  abundant  throughout  this  coastal  area. 
The  eastern  snore  and  islands  of  Narragansett  Bay  have  fewer  inland  swamps  and 
somewhat  less  coastal  marsh  than  the  shores  west  of  the  Bay  a:id  along  31ock 
Island  Sovmd.   In  southv/estorn  Rhode  Island,  streams  frequently  rise  in 
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swampy  land  pockets.   Inland  sv;amps  predominate  in  the  Pawcatuck  watershed, 
in  southern  Rhode  Island,  where  a  topographical  barrier  prevents  flow  direct- 
ly south  into  the  Sound.   South  of  this  barrier,  salt  marshes  occupy  large 
areas. 

Both  permanent  and  seasonal  residents  of  the  basin  have  encouraged  caref^xL  con- 
sideration of  reclamation  end  mosquito  control  opportunities.   Further  in- 
vestigation of  the  trends  in  recreational  development  are  needed  to  secure 
more  data  than  is  now  available  concerning  desirable  locations  for  additional 
reclamation  and  mosquito  control  projects. 

Erosion     All  the  Hhode  Island  erosion  problem  areas,  as  identified  by  the 
Soil  Conservation  Service  Reconnaissance  Survey,  are  in  this  basin.   Moderate 
sheet  erosion,  with  the  loss  of  one-fourth  to  three-fourths  of  the  topsoil, 
accompanied  by  occasional  gullying,  was  found  to  have  affected  over  20,000 
acres.  Moderate  rrind  erosion  affected  over  I9.OOO  acres  in  the  vicinity  of 
Narragansett  and  Warwick.   However,  this  erosion  is  neither  widespread  nor 
severe  in  Rhode  Islcind  and  is  of  importance  only  on  the  more  rolling  slopes. 
The  eastern  Connecticut  coastal  streams  have  little  or  no  erosion.   The 
siltage  of  channels  in  this  region  attests  to  the  results  of  minor  erosive 
action,  even  though  this  does  not  yet  constitute  a  serious  threat  to  the  land. 

Beach  erosion  around  Block  Island  and  along  the  Vv'estern  ocean  front  menaces 
shore  property  to  the  extent  that  in  consecutive  years  beaches  may  be  either 
attractive  sandy  strands  or  harsh  gravelly  shores.   The  U.  S.  Beach  Erosion 
Board  has  estimated  the  cost  of  a  study  of  Rhode  Island  beach  conditions  to 
ascertain  what  corrective  measures  should  be  undertaken  to  preserve  this 
major  recreational  asset. 

Recreation     The  coastal  waters  in  the  basin  are  renowned  for  all  types  of 
pleasure  boating,  while  the  Bay  shores  are  equally  famous  as  s-ummer  resorts. 
The  principal  deficiencies  in  recreational  facilities  are  insufficient  an- 
chorages and  harbors  for  pleasure  craft  and  inadequate  protection  of  resort 
property  from  the  detrimental  effects  of  obnoxious  water  conditions.   In 
several  localities  domestic  wastes,  oil  and  other  industrial  offal  so  grossly 
pollute  the  waters  that  swimming  in  them  endangers  one's  health. 

Where  this  condition  does  not  obtain,  beaches  have  high  recreational  value 
because  they  are  near  large  population  centers.   Because  their  value  has 
been  threatened. by  sea  erosion,  plans  now  under  way  should  be  put  into  effect 
to  preserve  all  attractive  beaches. 

Wildlife  in  this  vicinity  comprises  chiefly  water  fowl  and  salt  water  game 
fish.   Extensive  sviramp  lands  in  southwestern  Rhode  Island  render  improbable 
the  stranding  of  migratory  bird  flights.   The  number  of  game  fish  has  been 
reduced  by  polluted  conditions  in  the  JIarragansett  Bay  vicinity,  but  may  be 
increased  if  these  conditions  are  alleviated. 


Table  iii-d 

SUlvOvIAHY  or  SEREAM  FLOW  RECOHIlS 
THAi-ffiS-BLACKSTONE- TAUNTON  MS  INS 


jocation  of  Station 


Drainage       NumlDer  Discharge  in  Cu-tic  Feet  per  Second 
Area               Years 

Sqiuxre  of  Max.  Min.      •    Mean       Peak  Plow 

Miles Record  Day        ■       Day Ajin-asl 


hames  River  Basin 
yillimantic  River 

near  S.  Coventry,  Conn.   122 

She tucket  River 

near  'H'illiiiiantic,    Conn.        UOl 

Hop  River 


near   Coliiinbia,    Conn. 

76.5 

Natchaug  River 

at  Willimantic,    Conn. 

170 

QTiinebaug  River 

at   Quinehaug,    Conn. 

157 

at  Putnam,    Conn. 

332 

at  Jewett   City,    Conn.  . 

712 

Moosup  River 

at  liloosup,    Conn, 


Yantic  River  - 

at  Yantic,    Conri. 


gU 


5 

5.320 

3 

188 

7,880 

g 

19,000   . 

35 

6kl 

23,900 

I4 

2,6gO 

6 

127 

33.000 

6 

7,230 

5 

270 

1U,200 

5 

•  7.190 

2 

256 

9,1+00 

7 

15,U00 

9.S 

1+82 

17,200 

-g 

25.300 

25 

1,181 

29,200 

k 

3.^20 

1.7 

171 

l+,080 

6 

U,ioo 

3.3 

mi+ 

6,300 

lac':stOiio  riiv-i'  liir.sin. 
Blackstone  River 

at  Worcester,    Mass.  31*5 


at  !7oonsocket,    R.I. 


1+16 


13  1,1+90         U.3  1^3.1+    2,520 

7         ii+-,ooo       13  637      15,000 


a-unton  River  Basin 
Taunton  River 

at  State  Farm,  Masf 

yading  River 

near  Norton,  Mass. 


260 


1+2 


7  3,100         9  UI17        3,100 

11-  978  0.3  77        1,030 
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TABLE  IV 

EXPLAKA.TOHY  NOTES 

Concerning  the  table  of 

SELECTED  DA.TA  OW  DOlvIESTlC  AI-IIl  IlIDUSTRIAL  mSTES 

IN  I.IUNICIPALITIES  HAVING  ORGANIZED  SEIER  SYSTEMS 

Coluirn  1.   Town  or  City.  Municipalities,  arranged  alphabetically, 

where  available  information  positively  indicated  the  existence  of  an 
organized  sewerage  system. 

Column  2.  Population  1930-  Entire  population  of  the  civil  division  as 
reported  by  the  1930  Census. 

Column  3.   Population  Served,  B«fit  av&il&ble  estimate  of  the  persons  served 
by  an  organized  system. 

Column  k.     Discharge  ii.  thousand  gallons  per  day.   The  best  available 
estimate  of  the  volume  of  sewage  discharged. 

Column  5.   Treatment.  Abbreviations,  noted  below,  indicate  the  type  of 
treatment  applied  to  the  domestic  wastes. 

Column  6.   Chief  sources  of  Industrial  Wastes.   The  industries  which  com- 
monly pollute  atreams  are  indicated  by  concise  reference  to  the  type  of 
plajit,  product  or  raw  material. 

Symbols 


(p) 

Partial 

(s) 

Summer  resort. 

(s) 

State  Institution 

(u) 

College  or  University 

Various 

Several  indastries  present- writh  none 

clearly  predominant. 

Milk 

Refers  to  pasteurizing,  ice  cream  and 

.  dairy  plants. 

Fart. 

Fertilizer  factory. 

Oil 

Petrol-eum.  products;  storage  or  distribution  planijs. 

Gas 

Illuminati3ig  gas  manufacturing  plant. 

Cannery 

Includes  fiah  paclving. 

Im. 

Imhoff  Tank                 A. 

Aeration. 

Sp. 

Septic  Tank                 CI. 

Cl'ilorination 

SP. 

Sand  filtration.             St. 

Settling 

P. 

Filtr.ation.                 So. 

Screening  (fine) 

CP. 

Cefespool                    3r. 

Barging  sludge  to  sea, 

31. 

Sludge  treatment.            Sm. 

Sedimentatioij 

AcSl. 

Activated  sludge  plant.        Ir. 

.  Irrigation 

SOimCES  OF  INFOPJMATION 

Unpublished  Data,  State  Planning  Boards 
Unpublished  Data,  State  Health  Departments 
Annual  Reports,  State  Health  Departmo^nts  ■ 
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TJIBLE  IV-D 


SELECTED  DATA  ON  DOIffilSTIC  AITD  INDUSTRIAL  WASTES 

IN  Ivm^ICIPALITIES  HAVING  ORGAinZED  SEY/EE  SYSTEIvIS 
THAlvES  RIVEE 


Domts 

tic  Sewage 

Industrial 

Discharge 

Pastes 

Population 

thous .. 

Tom  or  City 

1930 

Served 

gal/ day 

Treatment 

Chief  Sources 

Griswold,  Conn. 

6,010 

U,500 

U50 

none 

Textiles  &  printing 

Groton 

10,770 

U,g50 

309 

Sp.22fo 

Cannery  &  textiles 

Killinftly 

S,S52 

2,500 

SCO 

none 

— 

Mansfield 

3.3^9 

2,000(U) 

260 

Sp.Sl.SE. 

— 

New  London 

29,6Uo 

29.190 

2,^30 

Sp.Sl.Cl.Ufi 

— 

Norwich 

32.U3S 

2U,500(S) 

!i,050 

In. SI. CI. 2^ 
(1) 

Cloth  goods .  gas 
and  inilk 

Plainfield 

S,027 

1,600 

130 

Im.Sl.SF. 

Textiles 

Preston 

3.92s 

2,500(S) 

250 

Sm.Sl. 

— 

Patnara 

S,099 

6,000 

600 

Sra. SI. 

Hats 

Sprague 

2.539 

5.9% 

1,600 

160 

none 

— 

Stafford 

2,500 

250 

Sc. 

^^oolens  and  yeast 

Windham 

13.773 

11,000 

1,250 

Sc. 

— 

(1)  Nevr  treatment  plant 

under  construction;  Sra 

.SI. CI. 

Services 

Leicester,  Mass. 

U,Ui45 
■  iU,264 



115 

Sm.SE. 

V;'oolens 

Southhridf^e 

1,751 

910 

Sm.SE. 

~ 

Wehster 

12,992 

__ 

717 

none 

— 

BLACK STONE  RIVER 

Attlehoro,  Mass. 

21,769 

■1,361 

SS7 

SF. 

— 

Hope dale 

2.973 

370 

135 

Sp.SF.(P) 

Machinery 

Millhury 

6,957 

833 

none 

Woolens 

Northhridge 

9.713 

9^1 

600 

Sra .  SF . 

Paper,  textiles 
and  raajcninery. 

North  Attiehoro 

10.197 

1,067  ' 

r.  3S 

Sm.SF. 

— 

V/orcester 

19.5.311 

Served 

19,630 

Ira.F. 

ITire  ct   woolens 

Central  Ealls,  R.I 

.(1)  25,89s 

12,000 

300 

none 

Cloth  goods 

East  Providence 

?9.995 

10,600 

375  . 

Sp.Cl.Sl. 

Cloth  goods  and 
wire 

Pawtucket  (1) 

77, 1^+9 

50,600 

2,000 

none 

Cloth  goods  &  wire 

Woonsocket 

^^9.376 

U5 , 000 

3,1130 

Ac.Sl.SF. 

Cloth  goods 

(1)   See  Narragansett  -  Eastern  Connecticut  Coastals. 
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TAUl'TTON  RIVER 


Dome 

stic  Sewage 

Industrial 

Discharge 

Wastes 

Fon, 

No.  of 

thous . 

Tom  or  City 

1930 

Services 

gal/day 

Treatment 

Chief  Sources 

Brids^ewater ,  Mass. 

9,05? 



213 

none 

__ 

Brockton 

63,797 

S,810 

2,2S9 

Sffl.  Y. 

— 

Fall  River 

11^5,27^ 

— 

5,902 

none 

— 

Foztorousf^ 

5.3^7 

— 

— 

SF.  (P) 

— 

MiddlcboroTogh 

S,6og 

— 

302 

none 

— 

Ta-anton 

37,355 

— 

3.735 

none 

— 

NARRAGANSEXT  -  EASTSRl^  COHNECTICUT  COASTAL 

Served 

East  Lyme,  Conn. 

2,575 

U50 

SO 

Im.Sl.SE. 

Surgical  goods 

Waterford 

U,7^2 

180 

IS 

Sn.Sl.Cl. 

Paper 

Bristol,  R.  I. 

11,953 

2 ,  000 

1,234 

Sc.Sm.Sl.Cl 

.Wire  and  woolen 

Central  Falls  (1) 

2F,S9g 

18,000 

300 

Im.E.Sra. 

— 

East  Greenwich 

3.666 

2,000 

112 

Sp.SE.Sl. 

Clcth  and  paper 

Jamestoiivn 

1,599 

1,000 

35 

none 

— 

Narragansett 

1,252 

1,000 

63 

none 

— 

Newport 

27,612 

25,000 

100 

none 

— 

Pawtucket  (1) 

77,1^9 

22,000 

1,000 

Ac. SI. 

— 

Providence 

252,921 

250,000 

33,000 

Ac. SI. 

Wcolens 

Warren 

7,97^+ 

7,Uoo 

375 

Si:..  CI. 

Cloth  &  rubher 

Westerly 

10,997 

10,000 

1,02^ 

In. SI. 

Woolen 

(1)  See  Blacks tone  Basin 
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EXPLilNATOaY  NOTES 
concerning  tables  of  the 

0E3-A1CIZED  WATER  SUPPLY  SYSTEI.IS 


ColuLian  .1.  ToTivn  or  city.  Muiiicipalities,  arranged  alphabetically,  where 
available  information  indicates  the  exictence  of  an  organized 
public  or  semi-public  water  supply  system. 

Column  2.  Population  193'^'  Entire  population  of  the  civil  division  as 
reported  by  the  I93O  census. 

Coluian  3>   Population  Served.   Best  available  estimate  of  the  persons 
served  by  an  organized  system  (as  for  the  year  I93S). 

Column  k.        Consumption  in  thousand  gallons  per  day.   Best  available 
estimate  of  the  normal  daily  reqiiire/nent. 

Column  5«   Sources  of  supply.   The  type  of  source  drawn  from  is  indicated 
by  symbols:-  S..  for  Reservoir,  Pond  or  Lake;  W.  for  Wells, 
either  deep  or  shnllo?/;  Spr.  for  Spring;  Str.  for  Streams. 

Column  6.   Watershed  area  in  square  miles.   Best  available  estimate  of 
the  drainage  area  upon  which  the  water  supply  is  dependent. 

Column  7-  Capacity  in  millions  of  gallons.  Best  available  estimate  of 
the  quantity  of  water  stored  by,  or  immediately  available  to, 
the  municipal  supply. 

Column  S.   Type  of  Treatment.  Available  information  concerning  the 
methods  used  to  improve  the  quality  of  the  water  -served. 


SYIIBOLS 

(2),  etc.   NTomerals  enclosed  in  parentheses  indicate  the  number  of  separate 
water  supply  systems  which  serve  the  municipality.   Where  there 
is  only  one  system  no  symbol  is  necessary. 

(S)        Includes  State  institution 

(T)        Includes  S-ommer  population  served 

(U)        Includes  College  or  School 

(s)         Provides  Summer  service  only 

(a),  (b),  etc.   Letters  enclosed  in  parentheses  linl-:  civil  divisions  served 
by  the  same  water  source :- 

In  column  3  and  k   they  link  mimicipalities  where  available  in- 
formation does  not  give  the  number  served  in  each  town. 
In  column  5  letter  indicates  that  the  civil  division  iuports 
water. 

In  column  b  and  7  letter  indicates  that  the  civil  division  ex- 
ports water. 

Letters  link   municipalities  within  one  state  and  basin; 
cross-references  between  basins  or  states  appear  in  footnotes. 
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;jTObols  (continued) 


A. 

Aeration 

K. 

Activated  carbon 

Al. 

Alum 

.L. 

Lime 

AlSl. 

AluminTom  sulphate 

MF. 

Mechanical  filter 

Am. 

Ammonia 

PF. 

Pressure  filter 

AmSl . 

Ammonium  sulphate 

pH. 

Correction  of  reaction 

AS. 

Alum  -  Soda  Ash 

KF. 

Rapid  filter 

cc 

Corrosive  correction 

S. 

Soda  ash 

Ci. 

Chlorine 

SF. 

Slow  filter 

Co. 

Coai?aJ.ation 

Sm. 

Sedimentation 

CmSI. 

Copper  sulphite 

So  CI. 

Sodium  hypochlorite 

F. 

Filter 

St. 

Storage  of  protective 

IH. 

Iron  remo^/al 

significance. 

SOUECES  OF  U^FORiaTIOlT 

Unpublished  Data,  State  Plarming  Boards 
Unpublished  Data,  State  Health  Departments 
Annual  Reports,  State  Health  Departments 
Annual  Reports,  Public  Utilities  Commissions 
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TABLE  71- D 
EXISTING  WATER  TO^R   -  TAUNTON  -  BLACKSTO!IE  -  THAMES  BASINS 


EIVEK 


NO.  OE 


CAPACITY  OF  PLANTS  OF 


CAPACITY  ^iSED   TOTAL 


PL-ANTS 
Ms.  Fwl. 

IN 
Ct. 

orpT 

10.000 

1,000  to 
HP.  9.990  liP. 

under 
1.000 

FOn       CAPACITY 
Horse- 
HP.  Utility  Mfs.   power 

ta;inton 

5 

0 

0 

0 

0 

850 

160 

690 

850 

Main  Stream 

3 

0 

0 

0 

0 

440 

0 

440 

440 

Others 

2 

0 

0 

0 

0 

410 

160 

250 

410 

blackstone 

24 

25 

0 

0 

6,380 

14,795 

2,700 

18,475 

21,175 

Main  Stream 

13 

16 

0 

0 

6,380 

9,270 

2,700 

12,950 

15,650 

Mumford 

8 

0 

0 

0 

0 

1,925 

0 

1,925 

1,925 

Branch 

0 

6 

0 

0 

0 

1,640 

0 

1,640 

1,640 

Others 

•  3 

3 

0 

0 

0 

1,960 

0 

1,960 

1,960 

THAMES 

23 

0 

56 

0 

27,735 

20,076 

13,554 

34,257 

47,811 

Shetucket 

0 

0 

11 

0 

11,285 

1,165 

5,695 

6,755 

12,450 

Willimantic  0 

0 

10 

0 

1,210 

3,290 

1,210 

3,290 

4,500 

Quinebaug 

9 

0 

11 

0 

11,730 

6,107 

5,569 

12,268 

17,837 

French 

14 

0 

5 

0 

2,360 

3,655 

1,080 

4,935 

6,015 

Five  Mile 

0 

0 

5 

0 

0 

1,445 

0 

1,445 

1,445 

Moo sup 

0 

0 

5 

0 

0 

1,210 

0 

1,210 

1,210 

Pachaug 

0 

0 

4 

0 

0 

2,325 

0 

2,325 

2.725 

Yantic 

0 

0 

5 

0 

1,150 

879 

0 

2,029 

2,029 

NAi^RAGANSETT  BAY 
-AMD  EAST.  CONN. 
COASTALS       0 

26 

0 

0 

8,220 

7,010 

2,500 

12,730 

15,230 

Woonasqua tucket 

4 

0 

0 

0 

700 

0 

700 

700 

Pawtuxet 

0 

3 

0 

0 

2,100 

340 

0 

2,440 

2,440 

N.  Branch 

0 

6 

0 

0 

2,500 

2,080 

2,500 

2,030 

4,580 

S.  Branch 

0 

7 

0 

0 

3,620 

2,490 

0 

6,110 

6,110 

Pawcatuck 

0 

6 

0 

0 

0 

1,400 

0 

1,400 

1,400 

GRAND  TOTAL 

PLANTS 
159 

0 

42,355 

42,731 

18,914 

66,152 

85,066 

T.-ll'^Z  VII-D:   EXISTING  STORAGE 
TH.4IviSS-BLACZST0ICE-TATJTIT0K  BASINS 


Drainage 
Area 
Sq.Ki. 


Wat  or 
Surface 

Sq.Mi. 


Storai^e 

Capacity 

Acrr-fe.t 


Ta-onton  aiver 

Quittacus  Ponds    (iF.  S. ) 
Others 

Estimated  Totj-'J. 

Blackstone  River 

Lake   Qjiinsigamond 
Others,    Massachusetts 
"      ,   Rhode   Island 

Estimated  Total 


12.3 


515 


25.7 


540 


Ilarra^ansett-Egs.tern  Gonnect^icut   Coastals 


Fg.wtuxet  Basin 

Scitioate  Reservoir    (T7.  S.) 

Others 

Tfoonasquatucket  Basin 

Estimated  Totals 

Thames  Basin 

Stiles  Reser'v'oir 
So.    Charlton  Reservoir 
Lake   ChautunamuifraJnaiie; 
Deep  River  Reservoir   (W.S.) 
Eairview  Reservoir   (W.S.) 


93. 
1.050 


,.4 

5 ,  160 

17,350 

,.8 

20,000 

5.3 

1.4 


,500 


113, 600 
9,710 
5.417 

130,000 


Storage 

Eauivalent 

Inches  of  Runoff 


24.6 
1.2 

3.3 

1.5 

23.0 
2.0 
2.3 


4. 

0.6 

4,510 

21.7 

8.3 

0.4 

3,500 

8.1 

9.9 

1.9 

4,750 

9.0 

8.5 

0.2 

1,180 
1,380 

2.6 
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KEY  TO  TRIBUTARIES 


Nulhegan 

Upper  Ammonoosuc 

Israel 

Pas sumps ic 

Ammonoosuc 

Wells 

Waits 

Ompompajioosuc 

White 

Mas coma 

Ottauquechee 

Sugar 

Black 

Williams 


0  -  West 
p  -  Ashuelot 
q  -  Millers 
r  -  Deerfield 
s  -  Chi cope e 
t  -  Westfield 
u  -  Scantic 
V  -  Farraington 
w  -  Salmon 


tl/,  T  Oelt:"- 
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CONITSCTICTT?  BASIN 


GEEEPAL  DESCEIPTIOK 

The  Connecticut  has  the  largest  to -,in  in  N^'tt  Znr-l  nd.  Nearly  300  ir.ilss  Icng  and, 
at  the  maxirr.-'i.m,  62  miles  wide,  it  drains  parts  of  four  states  and  Canada. 
The  drR,inage  areas  are  approximately  as  follows: 

New  Hampshire  3,110  sq.  mi, 

Vermont 

Massachus'^tts 

ConnecticT't 

Total  in  New  England 
Canada  (Q.uehec  Province )_ 

Total  area  of  basin   11,320  "   " 

The  Connecticut  barin  giv-es  a  cross-section  of  most  of  the  varied  topo- 
graphic conditions  in  New  England,  except  that  it  has  very  little  of  the  . 
rolling  lake-studded  tonography  typical  of  parts  of  Maine.   The  extreme 
headwaters  rise  in  irregular  and  mountainous  country  in  northern  New  Hamp- 
shire; then  the  river  flows  generally  south  between  the  rugged  ridges  of 
the  Wliito  and  Green  Kountains  with  their  narrow  steep  valleys  and  ragged 
peaks — the  highest  in  New  England;  crossing  central  Massachusetts  and 
northern  Connecticut,  it  flows  through  wide,  fertile  bottomlands  between 
the  well-defined  ridges  of  the  Berkshire-Litchf iel  d  Fills  on  the  west  and 
the  lower,  rolling  hills  that  form  the  eastern  watershed;  in  central 
Connecticut  the  river  turns  abiniptly  southea.3t  and  flows  through  a  narrow 
valley  in  irrei^ular  country  out  across  fairly  level,  sTampy  lands  into 
Long  Island  Sound. 

The  total  length  of  the  river  is  about  400  miles,  of  which  240  miles  form 
the  boundary  line  between  the  states  of  New  Hampshire  and  Vermont  (west 
bank  at  mean  low  '.vater) .   In  the  340  miles  between  First  Connecticut  Lake 
and  tidewater,  at  Hart-^orrl,  the  total  f;.ll  is  1643  feet,  somewhat  over 
two-fifths  of  vv'hich  is  developed. 

The  rock  formation  of  that  part  of  the  bar.in  which  ].ios  in  New  Hampshire 
and  Vermont  is  almost  entirely  granite,  but  the  structure  of  the  valley's 
inner  rim  in  southern  Massachusetts  and  Connecticiit  is  largely  sandstone 
and  shale  with  freq^ient  thrusts  of  traprock.   Soils  are  in  general  sandy 
and  stony,  except  for  the  fertile,  comr)aratively  stone-froe  sandy  loams  of 
the  wide  Massachusetts-Connecticut  mart  of  the  vtdley. 

More  than  25%   of  the  basin  is  in  cleared  farm  land,  most  of  which  is  in  the 
narrow  valleys  and  steep  side  slopes  of  the  northern  tributaries  or  in  the 
broad  level  valley  of  the  lower  main  stream.  An  eighth  of  the  total  area 
is  in  crop-land,  and  of  t':is  the  tobacco  and  onion  region  of  Massachnisetts 
and  Connecticut  accounts  for  a.  large  proportion.   Tlie  higher  parts  of  the 
basin  are  largely  woodet"',  with  conifers  predominating  in  the  north  and  mixed 
hardwoods  in  the  south,  especially  the'  southeast.   Little  of  the  timber  is 
virgin  growth,  and  many  parts  of  the  basin  are  covered  with  poor  growth  of 
naturally  reseeding  stock. 
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The  annual  precipitation  varies  considerably  in  the  tasin.   In  the  northern 
part  of  the  basin  it  averages  from  36. to  ko   inches,  with  a  somewhat  heavier 
fall  in  the  summer  months;  about  one-fourth  of  the  total  precipitation  is 
snow.   In  Connecticut  and  Massachusetts  the  average  is  from  UC  to  US  inches, 
evenly  distributed  throughout  the  year,  and  with  much  less  snOw.  Average 
temperatures  vary  between  60°  and  68°  in  summer,  and  between  lU°  and  30° 
in  winter. 

Discharge  records  for  thg  Connecticut  River  have  been  obtained  by  the  U.  s. 
Geological  Survey  in  cooperation  with  the  states  of  Vermont,  New  Hampshire, 
Massachusetts,  and  Connecticut"  at  numerous  gaging  stations  located  on  the 
main  river  and  its  tributaries.. 

Detailed  data  for  these  kk   stations,  8  on  the  Connecticut  River  and  36  on 
its  tributaries,  may  be  fo-und  in  Water  Supply  Papers  of  the  U.  S.  Geological 
Survey. 

The  figures  in  Table  III-E  are  s-ummarized  from  unpublished  records  in  the 
offices  of  the  District  Engineers  at  Boston,  Mass.,  and  Hartford,  Conn.,  as 
well  as  from  the  Survey's  later  Supply  Papers  covering  Part  I, -"North  At- 
lantic Slope  Basins." 


Hydrographs  denoting  the  monthly  average  runoff  during  the  last  I5  years 
record  are  shown  on  Chart  11  for: 


of 


Connecticut  River  at  White  River  Junction,  Vermont 
Connecticut  River  at  Montague  City,  Massachusetts 
Connecticut  River  at  Thompsonville,  Connecticut 


The  station  at  Thompsonville, 
up  for  the  past  8  years. 


established  in  July,  1923, has  a  hydrograph  drawn 


The  mean  annual  discharge  for  the  period  of  record  at  each  of  the  stations  is, 
in  cubic  feet  per  second  per  square  mile: 

■  Tillhite  River  Junction  (drainage  area  U068  sq.mr. )  .1.80 
Montague  City  (drainage  area  78U0  sq.  mi.)  1«73 
Thompsonville   (drainage  area  9^37  sq.  mi.)        I.60 

The  Connecticut  River  system  includes  23  important  tributaries,  of  which  10 
are  in  Vermont,  6  in  New  Hampshire,  2  in  Massachusetts,  one  in  Connecticut; 
the  remaining  k     are  intor-stAte  streams.  All  that  part  of  the  drainage  area 
that  is  more  than^ I5  miles  from  the  main  stream  is  drained  by  some  one  of  these 
tributaries.  The  following  table  summarizes  pertinent  information  about  them: 


Tributary 

State 

Course 

Length 

Point  of 

entry 

Drainage 

(direction 

(miles 

)  (miles  above 

Area 

of  flow) 

uouth) 

(sq.rai.) 

Nulhegan 

Vermont 

E 

15 

345 

151 

Upper  Amnonoosuc 

New  Hampshire 

W 

35 

325 

260 

Israel 

Ne\7  Hampshire 

NW 

15 

312 

13c 

Passumpsic 

Vermont 

S 

ko 

279 

507 

Ammonoosuc 

New  Hampshire 

W 

U5 

266 

U02 

Wells 

Vermont 

SE 

20 

266 

99 

1 
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Tributary 

State 

Course 

Length 

Point  of  entry 

Drainage 

(direction 

(miles) 

(miles  above 

Area 

c 

)f  flow) 

mouth) 

(sq.mi.) 

Waits 

Vermont 

SE 

20 

247 

156 

Ompompanoosuc 

Vermont 

SE 

20 

224 

136 

White 

Vermont 

SE 

50 

215 

710 

Mas coma 

NevY  Hampshire 

W 

SO 

214 

195 

Ottauq-uechee 

Vermont 

E 

30 

210 

223 

Sugar 

New  Hampshire 

W 

30 

195 

274 

Black 

Vermont 

SE 

40 

183 

202 

Williams 

Vermont 

.SE 

20 

176 

117 

West 

Vermont 

SE 

45 

149 

423 

Ashuelot 

Wew  Hampshire 

sw 

45 

140 

420 

Millers 

l^.H,  -  Mass. 

W 

40 

126 

393 

Deerfield 

Vt.  -  Mass. 

S  &  E 

70 

•  119 

665 

Chicopee 

Massachusetts 

SW 

45 

80 

724 

Westfield 

Massachusetts 

SE 

60 

75 

520 

Scantic 

Mass.  -  Conn. 

SW 

25 

60 

113 

Farmington 

Mass.  -  Conn. 

S.NE.E 

75 

57 

613 

Saln-ion 

Connecticut 

SW 

25 

18 

152 

mWM   OCCITPAUCY 

Population     In  1930  this  watershed  hr..d  a  population,  over  two-thirds 
urban,  of  1,230,000,  more  than  one-seventh  of  the  total  population  of  New 
England.   That  part  of  the  basin  lying  in  Connecticut  and  Massachusetts, 
about  one-third  of  the  total  area,  contains  four-fifths  of  the  entire  popu- 
lation, and  has  a  density  of  247  per  square  mile,  as  contrasted  to  the 
density  of  only  30  per  square  mile  in  the  New  Hampshire  and  Vermont  sections, 

Tlie  southern  portion  contains  prominent  metropolitan  and  industrial  dis- 
tricts which  owe  their  existence  to  the  expansion  of  active  industrial 
cities;  the  more  important  of  these  cities  are:  Hartford  (pop.,  164,072) 
and  New  Britain  (pop.,  58,12B-)  in  Connecticut;  Springfield  (pop.,  149,900) 
and  Holyoke  (pop.,  56,537)  in  Massachusetts.'  In  addition  there  are, 
throughout  the  basin,  numerous  key  manufacturing  cities  and  towns: 


Connecticut 

Massach'Tsetts 

New  Hampshire 

Bristol 

28, 

,451 

Chicopee 

43,930 

Keene 

13, 

,794 

W.  Hartford 

24, 

,941 

Northampton 

24,381 

Claremont 

12, 

,377 

Middletown 

24, 

,554 

Westfield 

19,775 

Manchester 

21, 

,973 

Gardner ■ 

19,399 

Vermont 

E.  Hartford 

17, 

,125 

W.-Springfield 

16,634 

Enfield 

13, 

,404 

Greenfield 

15,500 

Brattleboro 

9i 

,816 

Easthampton 

11,323 

St.  Johnsbury 

9, 

,696 

Athol  • 

10,677 

Springfield 

.  6, 

,9bb 

The  population  of  the  Connecticut  basin  increased  135,000,  or  12. 3^;^,  be- 
tween 1920  and  1930.,  2fo  more  than  the  New  England  region  as  a  whole.  Massa- 
chusetts and  Connecticut' accounted  for  128,000  of  this  increase.  Map  7 
shows  the  cities  and  towns  that  gained  or  lost  in  this  period.   It  will  be 
noted  that  the  heaviest  gains  were  principally  in  the  metropolitan  districts 
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of  Hartford  and  Springf ield-Holyoke.   Those  New  Hampshire  and  Vermont 
•  communities  which  increased  in  population  are  mostly  alone  the  Connecticut 
river.   Trends  indicate  that  the  future  ponulation  growth  in  this  basin 
will  be  almost  entirely  in  the  southern  portion,  in  areas  surrounding  the 
industrial  centers.   Judging  from  past  change o,  any  increase  in  popula- 
tion in  the  northern  region  will  probably  be  confined  to  a  few  manu- 
facturing towns  and  will  be  of  relatively  small  volume. 

Thompson  and  Whelpton  have  estimated  that  the  population  growth  of  Hew 
England  in  the  next  twenty-five  years,  assuming  internal  migration  similar 
to  that  of  the  1920-30  decade,  will  be  about  10^  over  the  population  of  1930. 
This  prediction  indicates  a  material  slowing-down  in  the  rate  of  growth. 
As  the  Connecticut  is  such  a  typical  cross-section  of  New  England,  it 
can  well  be  assumed  that  this  prediction  applies  equally  well  to  the  Valley 
and  to  all  Hew  England. 

Agriculture     This  basin  contains  some  of  the  most  fertile  farm  lands 
of  New  England,  especially  along  the  lower  Connecticut.   Farming  in  the 
river  valleys  brings  in  a  large  revenue,  estimated  in  1939  at  about 
$65,000,000.   Dairy  products  and  field  crops  are  the  leading  commodities 
produced  north  of  the  State  of  Conn3cticut:  the  southern  uart  of  the  val- 
ley contains  highly  productive  soil  especially  suited  to  the  growing  of 
tobacco,  which  has  accounted  for  a  large  part  of  farm  income  in  Connecticut. 
Poultry  production,  dairying,  market  gardening,  and  part-time  farming  in 
the  industrial  localities  are  important  activities. 

Although  tobacco  cultivation  has  formerly  contributed  heavily  to  farm 
revenue,  recently  it  has  become  less  active  on  account  of  changing  market 
conditions.   This  situation  makes  it  necessary  to  develop  other  crops  which 
can  be  profitably  cultivated  on  the  high-priced  tobacco  lands.   This,  and 
other  factors,  such  as  the  fine  quality  of  soil  and  the  ready  access  to 
large  markets,  have  created  a  tendency  toward  specialized  farming  in  the 
lower  Connecticut  valley.   Of  relatively  great  importance  in  the  northern 
.part, of  the  basin  is  the  farm  woodlot,  which  now  yields  an  appreciable 
portion  of  farm  revenue,  and  which,  as  conditions  improve,  will  become 
even  more  profitable  If  managed  to  produce  higher  quality  timber. 

Industry     The  principal  industrial  area  is  that  part  of  the  basin  lying 
in  southern  Massachusetts  and  central  Connecticut.  Manufacturing  activities 
cover  a  wide  range,  including  the  production  of  metals,  machinery,  tools, 
textiles,  paper,  and  many  other  lines.   Hartford,  New  Britain  ,and  several 
other  cities  of  the  region  are  identified  with  the  production  of  high- 
grade  machinery.   Holyoke  is  noted  for  the  manufacture  of  fine  papers,  and 
Springfield  for  a  wide  variety  of  products.   Those  manufactures  requiring 
highly  skilled  labor  are  typical  of  this  section.   The  total  production 
value  :f or  the  entire  Connecticut  basin  in  1929  was  approximately  one  billion 
dollars,  nearly  one-sixth  of  the  total  for  New  England.   Uae  to  the  high 
degree  of  diversification  of  its  industries, this  region  suffered  less  in 
manufacturing  losses  during  the  depression  years  than  other  sections  of 
New  England.   Pecause  of  this  wide  diversification  and  because  of  the  way 
in  which  industries  in  this  valley  weathered  the  depression, it  is  probable 
that  industrial  growth  will  continue  at  the  same  rate  as  in  the  past. 
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Mining     Mineral  deposits  in  wide  variety  are  found  in  this  valley.   In 
Vermont  and  New  Hampshire  granite  and  talc  quarries  have  a  substantial  output. 
In  Cheshire  and  Grafton  counties  deposits  of  mica  and  feldspar  are  worked 
commercially.   Copper  veins  in  the  northern  basin  are  reported  as  having  pro- 
ductive possibilities,  although  none  have  to  any  extent  been  mined  on  a  com- 
mercial basis. 

Future  developments  in  the  field  of  mining  will  probably  be  in  proportion  to 
the  market  demand  for  the  minerals  now  produced. 

Liimbering     In  the  northern  part  there  is  heavy  forest  growth  of  spruce, 
fir,  beech,  birch  and  maple;  in  the  south,  white  pine  ajid  hardwood  stajids  are 
interspersed  with  pasture  and  farm  land,  except  on  the  ridges  of  the  Berk- 
shires,  which  are  covered  rdth  second  growth  hardwoods  and  conifers.   Lumber- 
ing was  for  many  years  a  major  industry  in  the  Termont  and  New  Hampshire 
sections  but,  with  the  depletion  of  the  forerts,  it  has  declined  to  a  fraction 
of  its  former  volume.  Eov/ever,  forests  are  still  an  important  asset,  and 
should,  in  the  future,  play  a  vital  part  in  the  economic  life  of  the  region. 

The  future  of  the  lumber  industry  depends  upon  sound  and  enlightened  manage- 
ment of  forests,  both  public  and  private.   Signs  of  depletion  of  forest  assets 
are  evident  in  the  northern  section,  where  the  prevailing  growth,  spruce,  is 
cut  for  p-olpwood.   White  pine  has  possibilities  of  increasing  value.   The 
available  quantities  of  hardwood  indicate  that  there  is  a  field  for  more  wood- 
nsing  industries.   Further  development  of  the  national  and  state  forests, 
particTilarly  in  northern  New  Hampshire,  will  lead  to  increased  production  of 
lumber. 

Recreation     The  mountainous  rim  of  the  Connecticut  Eiver  basin  provides 
excellent  sites  for  sporting  and  recreation  centers.  Many  summer  homes  and 
resorts  are  located  along  the  rims  of  the  basin  which  extends  from  the  Canadian 
line  southward  through  four  states  to  Long  Island  Sound.   Since  many  of  the 
most  critical  r^oral  problems  of  New  England  are  to  be  found  in  this  same  area, 
the  importance  of  recreation  as  the  most  economical  form  of  land-use  here  is 
demonstrated. 

The  federal  and  state  governments  have  acquired  large  areas  which  are  or  will 
be  devoted  to  recreation,  but  the  need  for  additional  facilities  is  great, 
particxLarly  in  the  southern  end  of  the  basin.  Almost  all  sizeable  lakes  and 
ponds  in  the  lower  basin  have  been  set  aside  as  public  water  supplies;  hence, 
there  is  a  dearth  of  facilities  for  water  recreation.   The  population  in  the 
concentrated  centers  in  and  near  the  lower  basin  is  thereby  forced  to  go  for 
recreation  to  the  already  overcrowded  shore  regions. 

The  main  stream,  below  Springfield,  is  nov^  so  polluted  that  the  great  potential 
recreational  assets  of  this  river  are  almost  entirely  wasted.   In  spite  of  the 
pollution,  however,  there  is  a  moderate  araoujit  of  pleas\ire  boating  on  the  river 
belo?;  Hartford. 

There  are  many  opportunities  for  further  utilization  of  recreational  possi- 
bilities in  the  basin.  Many  large  areas  of  water  that  are  now  reserved  for 
public  water  supply  shoiald  be  made  available  for  boating  and  fishing.  From 
the  standpoint  of  recreation,  a  comprehensive  flood  control  program  for  the 
Connecticut  can,  in  some  part,  be  justified  by  the  fact  that  stream  regula- 
tion would  make  possible  recreational  development  along  the  main  stream 
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where  floods  a.nd.  extreme  low  -.vater  flows  make  such  development  impractical 
at  present, 

Transportat ion     Commercial  navigation  on  the  Connecticut  Eiver  is  con- 
fined at  present  to  the  fifty-two  m.iles  "between  Hartford  and  the  mouth  of 
the  river,  while  the  dam  at  Holyoke,  thirty-four  miles  atove  Hartford,  is 
the  head  of  any  possible  navigation.   Extensive  improvements  of  the  channel 
below  Hartford  have  been  and  are  being  made  by  the  U.  S.  Arm.y  Engineers; 
the  present  project,  authorized  in  1935,  provides  for  a  channel  150  ft,  wide 
and  15  ft.  deep  at  meaji  low  water  throughout  the  navigable  part  of  the  river. 

The  development  of  roads  to  connect  the  towns  on  the  Connecticut  Kiver  with 
the  coastal  settlements  began  in  early  colonial  days.   Later  roads  were 
pushed  up  the  valley  to  reach  the  northern  settlements.   Today,  these  early 
roads  form  the  foundation  of  a  system  of  highways  interconnecting  all  the 
important  cities  and  towns  in  the  basin,  but  many  of  these  highways  are  in- 
adequate to  meet  present  traffic  npeds,  and  re-developments  or  new  develop- 
ments in  many  sections  have  been  proposed  by  state  agencies  and  by  the  New 
England  Regional  Planning  Comjnission. 

Adequate  railroad  facilities  are  provided  in  TDractically  all  parts  of  the 
basin,  not  only  by  lines  of  New  England  railroad  systems  but  also,  in  the 
northern  section,  by  those  of  the  Canadian  National  and  Canadian  pacific 
Railways, 

The  Connecticut  valley  is  crossed  by  the  existing  airways  from  Boston  to 
New  York,  Boston  to  Albany,  and  Boston  to  Burlington.   However,  the  only 
scheduled  air  transport  stop  is  at  Hartford,  Connecticut.   Development  of 
an  airway  up  the  valley  from  Hartford  to  White  Eiver  Junction  and  Whitefield, 
and  improvement  of  landing  facilities  in  many  places,  particularly  at 
Springfield,  are  desirable  if  the  population  and  recreation  centers  of  the 
Connecticut  basin  are  to  have  adequate  air  service. 
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WATER  USE  AND  CONTROL 


Pollution     The  percentage  of  towns  in  the  basin  that  have  collecting  sewers 
is  far  less  than  the  percentage  of  those  that  have  water  supplies.  Of  the 
few  sewage  treatment  works  in  the  basin,  the  majority  are  in  the  state  of 
Connecticut,  where  the  State  Water  Commission  has  formulated  a  practical  con- 
struction program.   When  new  works  now  being  built  shall  be  in  operation, 
domestic  pollution  by  Connecticut  communities  will  be  greatly  reduced.   Massa- 
chusetts shonild  take  similar  steps  to  rectify  present  polluted  conditions  in 
its  part  of  the  Connecticut  fliver,  and  the  Department  of  Public  Health  is  re- 
quired to  report  on  this  matter  to  the  193S  Lggislature. 

Much  of  the  Vermont  portion  of  the  basin  is  of  recreational  value,  and  a 
large  section  is  included  in  the  National  Forest  Purchase  Area,  Probably 
this  area  will  never  present  acute  water  supply  or  pollution  problems. 
There  are  a  few  woolen  and  piilp  and  paper  mills  and  creameries  which  dis- 
charge their  wastes  into  the  main  stream  and  its  tributaries. 

Tliere  are  no  chemical  analyses  available  for  this  portion  of  the  Connecticut 
River  but,  considering  the  dilution  factor,  the  length  and  other  cliaracter- 
istics  of  the  river,  and  the  tributary  population  bota  in  Vermont  and  New 
Hampshire,  the  sanitary  condition,  except  in  scattered  minor  instances,  is 
probably  satisfactory  as  far  as  the  Massachusetts  bou:adary. 

The  three  most  important  tributary  streguns  are  the  Passumpsic,  White  and 
Black  rivers.   The  Passujnpsic  River  has  a  drainage  area  of  U23  square  miles 
at  the  gaging  station  at  Passumpsic;  summer  flows  in  cubic  feet  per  second 
at  that  point  are  listed  as  follows  ("low"  flow  is  24-hr.  minimum): 

Mean Low  Mean Low 

July        190      91  375     181  1S2     102 

August       122      kO  251     105  I3U      71 

September    27O      75  362      89  Zkk  122 

The  principal  sources  of  pollution  are  from  sewage  and  industrial  waste  at 
Lyndon  and  St.  Johnsbury.   Tne  latter  town  has  a  population  of  nearly  10,000, 
The  low  river  flows  indicate  that  for  short  periods  of  time  offensive  condi- 
tions may  obtain  near  St.  Johnsbury  but  in  general  dil^ition  is  adequate. 

The  White  River  has  a  drainage  area  of  690  square  miles  at  the  gaging  station 
at  West  Hartford;  here  summer  flows  in  cubic  feet  per  second  are: 

1935  1936 

Mean    Low  Mean  .   .  Low 

July         150     Zk  765    U2g  37U     180 

August        106     71  301    163  295     129 

September     221     6S  321    I50  5I7     25U 

There  are  scattered  sources  of  pollution,  but  dilution  is  probably  suf- 
ficient to  prevent  objectionable  conditions  except  in  a  few  localities. 


19  3U 
Mean 
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91 

ko 

270 

75 

1934 
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Zk 
71 

68 
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The  Black  Hiver  iias  an  area  of  I58  square  miles  at  the  gaging  station  at 
North  Sprincfield;  stmimer  flows  in  cubic  feet  per  second  are: 

193H  iilS  1216 

Mean    Low         Mean      Low  Mean     Low 

July      6U.2    29  279      SU  43.8    2k 

August     37.7    21  76.7     ^+2  UI.2    22 

September  90. 6    22  85.7     3I  U2.5    I7 

The  principal  towns  in  the  Black  River  tasin  are  Ludlow,  Cavendish  and  Spring- 
field with  populations  of  2,305,  l.UlS  and  6,955,  respectively.   Cavendish  has 
no  sewer  system,  "but  industrial  wastes  are  discharged  at  all  of  these  towns. 
During  the  seven-year  period  for  which  records  are  available,  a  low  flow  of  11 
cubic  feet  per  second  has  been  observed.  Obviously,  sewage  treatment  is  needed 
during  such  lo?/  flow  periods,  despite  the  generally  adequate  mean  flo'.?s. 

Partial  treatment  of  sewage  from  all  the  larger  towns  \/0uld  lessen  tho  burden 
carried  by  the  tributaries  and  the  main  stream,  especially  during  dry  periods. 
The  need  for  treatment  v;orks  could  be  better  determined  if  the  results  of 
chemical  analyses  and  bacterial  examinations  of  river  water  were  available. 

The  following  terms  in  New  Hampshire  art  not  listed  as  having  sewer  systems: 


Swanzey 

2066 

Sunapee 

1040 

Marlboro 

1508 

Plainfield 

858 

Canaan 

1301 

Lyme 

830 

Troy 

1267 

Bath 

7S5 

Stewarts town 

llUS 

Franconia 

51U 

No  town  which  has  a  sewer  system  is  without  a  water  supply.   There  is  one 
sewage  treatment  plant  in  the  New  Hampshire  section  of  the  basin:  Keene  has 
Imhoff  tanks  the  effluent  from  which  is  discharged  into  the  Ashuelot  River. 

The  Connecticut  River  and  its  tributaries  receive  little  pollution  above 
the  Lower  Aramonoosuc  River.   Studies  of  pollution  on  the  latter',  made  in 
1932  by  Metcalf  &  Eddy,  Boston,  showed  that  there  was  high  bacterial  con- 
tamination in  portions  of  the  river  above  Bethlehem,  due  primarily  to  the 
discharge  of  raw  sewage  from  several  hotels.   The  population  is  largest 
and  the  greatest  use  is  made  of  recreational  areas  at  the  time  when  river 
flows  are  the  lowest.   The  study  recommends  local  treatment  of  sewage  at 
each  hotel. 

The  drainage  area  of  the  river  at  Pierce  Bridge,  in  Bethlehem,  is  90  square 
miles.   The  following  sujmner  flows  at  this  point  are  computed  from  runoff 
data  in  the  Pomigewasset  River  (figures  represent  flow  in  cubic  feet  per 
second) : 

July  August        September 

Mean  I63  124  I7I1 

Minimum  17.6  12.5  9*9 
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'T!he  moan  tlo\7  is  entirely  adeqVLatc  for  proper  disposal  'b;r  dilution,    but 
during  very  dry  \7ea::her  objectionable   coaditions  exist.     Lelow  3etLlehera 
domestic  sewage  and/or  industrial  waste  is  discharged  at  Littleton,   Lisbon, 
Landaff,    Bath,    an6   V/codsville. 

Other  tributaries  whicli  waJ  rant  consideration  are   the  Ms,s.coma,    Sugar  and 
Ashuelot  Rivers,   on  whose  ba:i>:s  are  located   (accordiae^  to  the  1936  New 
Hciiarjshire   State  Planning  Boarc   Heport  )    B^,   IBf,  and  41;'3,    rosijectivelv, 
of   the  industrial  plants  in  the  Nev  Hari-osrire  ppxt  of  the  basiin.      The  Uas- 
coma  has  a  draiaaiS^e  area  of  195  square  miles  above   its  mouth  at  Lebanon. 
Raw  sev/age,    septic  tta:ik  effluent  and  textile  wastes  are  discharf^ed  at  En- 
field;   raw  se'^age  and  textile  -wastes  are  added   at  Lebanon,    (pop.,    7073). 
Pollution  entering  the  Mascona  is   30    serious  that  the  flow  required  to 
maintain  a  toleralsls   condition  in.  the  river  is  about  42  cubic  feet  per  second, 
on   .22  cubic  feet  per  second  per  sqi-ia^'e  mile.     A  flow  at  least   this  high  is 
observed  about  99/3  of  the  time  at   the  gaging  station  at  IJascoma,   where  the 
drainage  area  is  153  snixaxe  miles.     Kovrever,  Mascona  Lake  is  at  present 
polluted  by  mixed  wnstes  to  such  extent  thc?t  it  is  -unsatisfactory,  though  not 
useless  for  recreation. 

The  Sugar  Hiver  receivcG  laixed  v/asies  from  Simapee,  Newport  and  Claremont, 
which  have  a  total,  population  of  IB, 076.  The  sources  of  these  v/astes  ai-e 
as  follows: 

Sutiapeo       —  one  woolen   connany 

Kew^oort       —  sewer  syste.i,   one  shoe   con omij'-  and 

two  woolen  corapenies 
Clai'emont  —  sewer  systeia,   tv.-o  woolen  coupaaiies 

and  two  paper   comp£.j:iies 

Assuning  no  pollution  upstre.-:!!!!,    Clarenont   (pop.,    12,377)   would  nonnally  re- 
quire a  dilution  flow  of  about  72  cv'oic  feet  per  second,   or  0,26  cubic  feet 
per   second  per  squn.'e  mile  from  the  whole  drainage  basin,    to  prevent  ob- 
jectionable  Gonditi'vnG.      Tl.'ie  actual  flow  is  less  than  tnis  amoujit  about   7^ 
of  the   time. 

The  upper  reaches  of  the  Ashuelot  Ilivor  a;?'e   co  jparatively  clean,  but  the 
concentration  of  population  tind  industry  in  the  lower  reaches  gives  rise 
to  pollution  problems  here.     Keene,   the  largest  New  Hnmpshire  comiionity  in 
the   Connecticut  basin,    treats  its   sewat'::e   oy-  settling  in  Imhoff  tanl^s. 
However,   the  many  ind.ustrial  plants  along  the  Ashucdot  discharge  untreated 
wastes  directl"  into   the  river.     Of  all  the  minor  rivers  in  the  New 
Hampshire  part  of  the  basin,    co:'ditions  in  the  Ashuelot  call  most  strongly 
for  further  investigation. 

The  principal  to^vns  in  the  Maesaclmsebts  part  of  the  Comaecticut  basin  vdthout 
organized  sewerage  axe: 


1930  Population 


Monson 

4918* 

Warren 

3755 

Barre 

3510 

E.   Longrneadow  3527 

Belchertown  3139* 

Wilbrahoja  2719 

Eaaley  2682 


State  Hospital.  1ip.s   sewers 
an'.:    treatment 
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In  addition  there  are  I3  towns  of  over  1000  population  which  have  water  supply 
systems  hut  no. sewerage.   There  are  no  sewer  systems  in  those  towns  which 
do  not  have  water  supplies.   The  majority  of  towns  with  sewer  systems  dis- 
charge raw  sewage  into  adjacent  v/ater  courses,  but  Gardner,  Easthampton, 
Spencer,  Winchendon,  Amherst  and  North  Brookfield  have  treatment  plants. 
(See  Tahle  IV-E). 

The  principal  trihutaries  joining  the  Connecticut  River  are  the  Westfield, 
Deerfield,  Chicopee  and  Millers  rivers.  Minor  streams  with  significant  pol- 
lution problems  are  the  Mill  and  Manhan  rivers. 

The  1935  Massachusetts  Department  of  Public  Health  Report  stated  that  anal- 
yses of  Millers  River  "showed  an  increase  in  pollution  in  this  stream  below 
Gardner".   This  condition  would  be  greatly  improved  if  Athol  and  Orange  had 
sewage  treatment  works.   Large  amounts  of  industrial  waste  which  add  to  the 
burden  of  the  river  at  these  points  might  well  be  given  partial  treatment. 

The  waters  in  the  upper  reaches  of  the  Deerfield  River  are  essentially  pure, 
due  in  part  to  the  protection  afforded  the  Massachusetts  headwaters  by  large 
areas  of  State  Forest.   The  extreme  lower  reaches  are  polluted  from  mixed 
wastes  discharged  at  Greenfield  and  Deerfield.   The  following  is  q^uoted  from 
Massachusetts  House  Document  #1200,  1937:   "Other  streams,  like  the  Deerfield 
River,  are,  except  for  very  few  industries,  comparatively  free  from  pollution 
and  excellent  for  all  forms  of  recreation." 

The  Chicopee  River  is  formed  by  the  Swift,  Q;aaboag  and  Ware  rivers.   In  the 
future  the  waters  of  the  Swift  will  be  in  part  diverted  for  the  use  of  the 
Boston  Metropolitan  Water  District.   The  Quaboag  receives  mixed  wastes  from 
organized  sewer  systems  in  Palmer  and  North  Brookfield.   Sand  filter  effluent 
is  added  to  its  tributary,  the  Seven-Mile  River,  in  Spencer.  Pollution  condi- 
tions on  the  V^ai-e  and  Swift  rivers  will  probably  not  be  aggravated  by  diversion 
of  water  for  the  Metropolitan  Boston  Supply  as  restrictions  on  the  taking  of 
water  protect  the  low  water  flows. 

Because  the  neadr/aters  on  the  Westfield  River  are  in  a  sparsely  populated 
area,  much  of  which  is  in  State  Forest  or  is  controlled  by  the  ^iringfield 
Water  Supply,  this  river  is  comparatively  free  from  pollution  above  Westfield. 
However,  at  that  point  and  at  West  Springfield  large  quantities  of  domestic 
sewage  and  industrial  waste  are  discharged  into  the  stream. 

conditions  in  the  Mill  and  Manhan  rivers  are  made  exceedingly  objectionable 
by  the  discharge  of  domestic  sewage  and  industrial  waste  at  Northampton  and 
Easthampton. 

The  pollution  of  the  Connecticut  River  in  Massachusetts  can  be  attributed 
chiefly  to: 

1  -  Pollution  which  enters  the  main  stream  from  the  Massachusetts 
tributaries; 

2  -  General  lack  of  treatment  facilities  in  the  sewer  systems  of  the 
basin  in  Massachusetts; 

3  -  Untreated  industrial  waste  from  large  manufactories  along  the  main 
stream  in  Massachusetts,  particularly  at  Springfield  and  Kolyoke. 
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The  Massachusetts  Legislat-are  has  several  tiiaes  had  before  it  the  matter  of 
an  investigation  of  the  sanitary  condition  of  the  Connecticut  River;  Chapter 
6(:   of  the  Resolves  of  I537  directs  the  Department  of  Public  Health  to  co- 
operate with  the  Federal  Works  Progress  Administration  in  assembling  data 
pertaining  to  the  pollution  of  the  river.   That  Lepartment  is  now  engaged 
in  complying  with  this  resolve.   The  amount  of  dissolved  oxygen  in  the  Con- 
necticut River  in  Massachusetts  was  reduced  during  August,  I937  to  k.   parts 
per  million;  this  indicates  that  the  streajn  receives  considerable  pollution, 
altho-ugh  the  nuisance  stage  has  not  ye,t  been  reached.   The  Massachusetts 
situation  can  be  rectified  only  by  steps  similar  to  those  already  taken  by 
Connecticut  in  the  ma.tter  of  sewage  treatment.   Detailed  studies  are  needed 
to  determine  whether  local  or  district  treatment  is  needed.   The  findings 
shcjld  form  the  basis  of  a  program  of  control. 

The  following  towns  in  the  Connecticut  portion  of  the  basin  are  without 
public  sewerage  systems: 

Glastonbury  57S3 

Berlin  Ug75 

Newington  ^572  (2  institutions  have  sewage 

treatment  works) 

Cromwell  2glU 

Essex  2777 

Saybrook  238I 

Ellington  2253 

There  are  also  nine  towns  with  populations  from  1000  to  2000  which  have  no 
public  sewerage. 

Since  the  appointment,  in  I925,  of  the  Connecticut  State  '^ater  Commission, 
progressive  steps  towards  pollution  control  have  been  taken  in  that  state. 
The  Hartford  Metropolitan  District  sewage  treatment  plant,  soon  to  be  com- 
pleted, will  include  bar  screens,  grit  chamber,  settling  tanks  and  vacuum 
filters;  this  plant  will  operate  except  during  high  river  flows.   Treatment 
plants  are  also  being  built  or  have  recently  been  completed  at  Enfield, 
Middletown,  Mew  Britain,  and  Tariffvillc,  in  Simsbury.   The  New  Britain 
plant  employs  a  modified  chemical  treatment  process. 

Table  IV-E  shows  that  there  are  9  Connecticut  towns  or  cities  in  the  Con- 
necticut River  basin  which  have  sewage  treatment  plants;  these  nine  towns, 
plus  two  state  institutions,  account  for  about  J,kfo   of  the  basin  population; 
when  other  works  mentioned  (Enfield  and  Hartford)  shall  be  completed,  the 
sewage  discharged  by  70fo  of  the  population  will  be  treated. 

The  Hartford  sewage  treatment  plant,  which  will  care  for  the  sewage  of  the 
Hartford  Metropolitan  District,  is  practically  completed  and  will  soon  be 
operating.   The'  plant  at  Enfield  is  likewise  approaching  completion.   The 
town  of  East  Hartford,  the  only  large  community  in  the  basin  which  now  dis- 
cbarges raw  sewage  into  the  river,  has  recently  completed  a  preliminary  en- 
gineering survey  leading  to  construction  of  a  treatment  plant. 
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The  principal  tributaries  to  the  Connecticut  Hiver  in  Connecticut  are  the  Farming, 
ton  auid  Hockanum  rivers.   The  east  branch  of  the  Jarmington  is  to  be  used  as  an 
additional  source  of  water  supply  for  Hartford.  Analyses  of  the  river  at  the 
Tariffville  station  show  some  pollution.   The  Hockanun  River  analyses  at  Burn- 
side  show  very  high  pollution;  the  river  flows  through  industrial  centers  at 
Ellington,  Vernon  and  Manchester,  and  is  one  of  the  most  seriously  polluted  of 
all  the  minor  tributaries  of  the  Connecticut  River. 

There  will  be  a  decided  improvement  in  the  conditions  of  the  Connecticut  River 
when  the  treatment  plants  now  under  construction  in  Connecticut  are  completed  and 
in  operation.   The  next  step  toward  cleaning  up  the  river  should  be  treatment  of 
sewage  from  large  Massachusetts  cities. 

Water  Supply     The  need  as  well  as  difficulty  of  obtaining  suitable  water  sup- 
plies is  manifest  to  a  greater  degree  in  the  Connecticut  and  Massachusetts  por- 
tions of  the  Connecticut  basin,  vstoere  there  are  high  densities  of  population, 
than  in  the  Vermont  and  New  Hampshire  sections.   Nevertheless,  the  percentage 
of  cities  and  towns  served  by  public  water  supplies  is  greater  in  Connecticut 
and  Massachusetts  than  in  Vermont  and  New  Hampshire.   The  discussion  of  the 
water  supply  problems  in  the  basin  will  be  by  states. 

Vermont:   Towns  comprising  about  63^  of  the  basin  population  in  Vermont  have 
water  service,  supplied  in  most  cases  by  municipally-owned  works.   The  water, 
derived  about  equally  from  ground  and  surface  sources,  is  in  general  soft.   Tun- 
bridge  (pop.  903)  is  the  most  notable  exception,  with  its  spring  water  showing 
a  hardness  of  180  p.p.m. ,  the  highest  of  any  supply  in  the  basin.  The  potable 
waters  are  of  good  quality,  bacterially,  according  to  the  annual  reports  of  the 
Vermont  Department  of  Health.   St.  Johnsbury,  the  second  largest  municipality, 
uses  filtered  surface  water.  At  present,  the  filtering  plant  is  unsatisfactory, 
and  improvements  v;ill  be  necessary  in  the  near  future. 

Vermont  towns  of  over  1000  population  without  organized  water  systems  are: 

Cavendish  l4l8 

Lunenburg  lUOO 

Westminster  I32U 

Hartland  1266 

Chelsea    lOOU 

Some  17  other  towns  with  populations  between  5OO  and  1000  are  also  without 
supply  systems. 

New  Hampshire:   Towns  comprising  some  80^  of  the  basin  population  in  New  Hamp- 
shire have  water  supplies;  the  majority  of  the  larger  supplies  are  municipally 
owned  sind  are  drawn  from  surface  sources;  only  a  few  are  ground  water  supplies. 
The  majority  of  the  small  supplies  are  in  semi-public  ownership.   Several  fil- 
tration plants  are  in  use,  and  a  few  towns  employ  chlorination.  Although  there 
are  instances  where  bacterial  records  show  the  need  for  more  extensive  chlorina- 
tion, the  12-year  bacterial  percentage  records  show  that  many  systems  have  main- 
tained a  standard  higher  than  that  set  by  the  U.  S.  Public  Health  Service;  in 
general,  the  2-year  averages  show  even  less  of  contamination  than  the  12-year 
records,  indicating  that  the  quality  of  water  supplies  is  improving. 
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Keene,  (pop.  13.7S^)  lias  a  putlic  surface  supply  system  which  includes  slow  sand 
filtration  and  which  has  a  good  bacterial  record.   Claremont,  (pop.  12,377)  the 
next  largest  town,  is  served  principally  by  a  public  surface  chlorinated  supply. 
One  of  Lebanon's  supplies,  taken  from  the  Mascoma  River  below  Enfield,  is  fil- 
tered and  chlorinated  before  use.  One  supply  with  its  source  in  New  Hampshire 
serves  towns  in  both  Vermont  and  New  Hampshire. 

Fifteen  to^ns  with  populations  from  k^O   to  1000  are  not  served  by  water  supplies. 
The  town  of  Winchester,  with  a  population  of  2183 ,  is  the  only  town  of  over 
lOOO  population  without  a  supply. 

Massachusetts:   Towns  and  cities  comprising  about  ^Gfo   of  the  basin  population 
in  Massachusetts  are  served  with  organized  water  supply  systems.   Water  works, 
in  general,  are  publicly  owned  and  are  usually  small.  All  the  larE:;er  works  and 
most  of  the  smaller  ones  use  surface  supplies.   Chemical  analyses  show  that 
practically  all  the  ground  and  surface  supplies,  are  soft.   The  supply  of  the 
city  of  Athol,  obtained  from  Thousand  Acre  Meadow  Brook,  shows  the  highest 
raw  water  color.   The  v/ater  is  passed  through  rapid  sand  filters  for  the  removal 
of  color.   Several  ground  water  supplies  show  high  iron  content;  of  these  systecs 
nine  have  iron  removal  plants.   Some  of  the  remaining  supplies  with  high  iron 
content  might  well  be  treated  for  iron  removal. 

The  largest  water  supply  is  that  of  Springfield,  which  serves  also  Ludlow, 
Agawam,  Longmeadow,  East  Lon,°?neadow,  Wilbraham  and  Southwick.   It  is  a  public 
surface  supply  taken  from  several  sources.  All  of  the  water,  except  that  ob- 
tained from  the  Ludlow  reservoir,  is  passed  through  slow  sand  filters  after 
coagulation,  sedimentation  and  aeration.   The  Ludlow  supply  is  filtered  at 
times,  and  all  supplies  are  chlorinated  only  during-  times  of  emergency.   The 
Holyoke  supply,  the  next  largest,  is  a  municipal  surface  supply  drawn  from 
several  sources,  and  is  not  chlorinated. 

A  large  area  of  the  Connecticut  drainage  basin  in  ^Massachusetts  is  reserved  for 
the  extension  of  the  Metropolitan  Water  Supply.   The  flood  waters  of  the  Swift 
and  Ware  rivers  are  to  be  diverted  to  the  water  supply  system  of  Boston.   While 
the  waters  of  the  Ware  River  may  at  times  show  much  color, the  long  period  of 
storage  before  use  will  appreciably  improve  their  quality. 

The  principal  Massachusetts  towns  witxiout  water  supplies  are: 

Templeton     UI59 

Buckland      1^97  —  supplied  in  part  by  Shelburne 

Falls  Fire  District. 
Hubbardston   1010 

In  addition,  there  are  ik   towns  with  populations  ranging  ±rom  UOO  to  1000  which 
have  no  water  supply  systems. 

Connecticut:  As  in  Massachusetts,  towns  and  cities  comprising  about  SG^   of  the 
basin  population  in  Connecticut  are  served  by  organized  water  systems.   Semi- 
public  supplies  predominate  except  in  the  case  of  the  larger  works.   Over  half 
of  the  supplies  are  taken  from  surface  sources.  Modern  methods  of  water  treat- 
ment, including  aeration,  coagulation,  sedimentation,  filtration,  chlorination 
and  corrective  measures  are  used  extensively. 
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The  bacterial  qxiality  of  the  water  is  good,  partly  "because  only  2.Ufo  of  the 
^asin  population  receives  water  which  is  neither  chlorinated  nor  filtered. 
According  to  the  Connecticut  Department  of  Health,  no  sewage  is  discharged  into 
water  bodies  above  any  of  the  public  water  supply  so-uxces. 

Several  supplies  have  a  hardness  above  average.   Suf field,  Somers  and  East  Wind- 
sor, all  in  the  same  locality,  and  all  having  drilled  wells  of  about  the  same 
depth,  have  the  hardest  water  of  any  supplies  in  the  basin.   This  fact  woiild 
indicate  that  only  if  no  other  sources  are  available  should  deep  wells  be  used 
as  sources  for  water  supply  in  this  vicinity. 

The  largest  supply  is  that  owned  by  the  city  of  Hartford  which  serves  Hartford, 
Bloomfield,  Newington,  Rocky  Hill,  Wethersfield,  Windsor,  West  Hartford.   The 
water,  taken  from  the  Nepaug  and  West  Hartford  reservoirs,  is  aerated  and  slow 
sand-filtered.   The  present  supply  will  be  augmented  by  the  development  of  ad- 
ditional water  sources  on  the  east  branch  of  the  Farmington  River.  Because 
this  river  is  interstate,  a  compact  between  Connecticut  and  Massachusetts  is  a 
necessary  prerequisite  to  protection  of  the  Massachusetts  portion  of  the  water- 
shed. 

A  measiire  empowering  the  Massachusetts  Department  of  Public  Health  to  protect 
the  Farmington  watershed  because  it  is  tributary  to  the  proposed  new  source 
of  the  Hartford  water  supply  was  presented  by  that  Department  to  the  I937 
Legislature.   instead  of  recommending  passage  of  this  bill  the  Committees  on 
public  Health  and  Water  Supply,  sitting  jointly,  reported  a  Resolve,  sub- 
sequently passed,  which  provided  "for  an  investigation  by  a  special  unpaid  com- 
mission relative  to  protecting  the  purity  of  (all)  interstate  waters  used  for 
drinking  purposes".   (Chap.  5I,  Acts  of  1937,  Mass.  Legislature) 

Kew  Britain  has  the  second  largest  supply  in  the  Connecticut  part  of  the  basin. 
Its  main  supply, from  surface  sources, is  chlorinated  before  use.  The  water  from 
its  auxiliary  well  supply  is  of  such  good  quality  that  chlorination  is  not  ne- 
cessary. Table  V-E  lists  pertinent  data  for  those  comm-unities  now  served  by  j 
water  systems.   The  larger  communities  without  supplies  are: 


Easthampton 

2616 

East  Haddam 

21li+ 

South  Windsor 

2535 

Haddam 

1755 

Colchester 

2134 

Hiddlefield 

1204 

Burlington 

1082 

All  towns  with  populations  under  a  thousand,  with  the  exception  of  Hebron 
(pop.  S79),  are  without  v;ater  supply  systems. 
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Flood  Control     From  the  beginning  of  settlement  in  the  Connecticut  River 
valley  the  occurrences  of  floods  have  been  recorded.  As  the  population  in- 
creased, as  industry  grew,  and  as  power  development  became  important,  the 
effect  of  floods  on  the  river  became  more  and  more  marked.   Mills  were  lo- 
cated on  the  river  banks  to  make  use  of  the  head  available  for  power  pur- 
poses.  In  some  cases  encroachments  on  the  river  have  tended  to  raise  the 
natural  flood  stage.  Highways  and  railroads  have  been  carried  over  the 
river  at  points  convenient  to  serve  industries,  cities  and  towns,  but  in 
many  cases  at  elevations  too  low  to  clear  the  water  levels  attained  by 
high  floods. 

Normally,  as  the  snow  cover  mc;lts  and  heavy  spring  rains  come,  there  is  in 
the  river  an  increased  flow  which  frequently  reaches  flood  proportions.   By 
months,  tne  percentage  of  frequency  of  the  larger  floods  appears  to  be: 
April.  3^5^;  March,  27/^;  February.  10-11^;  May,  ffd   and  November  J^^fo.      The 
remaining  5/^  of  floods  have  occurred  in  July,  August,  October  and  December. 
This  distribution  is  based  on  a  list  of  the  important  floods  from  I639  to 
1937. 

It  is  notable,  however,  that  the  second  highest  peak  discharge  recorded  occur- 
red in  November,  a  month  in  which  major  flood  occurrences  are  infrequent.   It 
is  also  of  interest  that  the  highest  and  second  highest  flood  peaks  have  oc- 
curred within  the  last  ten  years.   The  flood  of  November,  1927 >  was  esti- 
mated to  be  in  the  order  of  a  100-year  flood  and  that  of  March,  I936,  a  3OO-  to 
500-  year  flood.  Although  so-called  100-year  and  300-year  floods  have  been 
experienced  in  the  last  ten  years,  it  is  entirely  possible  that  floods  of 
equal  or  greater  intensity  may  occur  on  the  Connecticut  in  the  next  few  years. 

The  1936  flood,  exceeding  and  follo'-ving  so  closely  th.at  of  1927,  has  spurred 
local  groups  and  State  and  Federal  governments  to  devise  means  of  prevention 
of  losses  from  future  large  floods.   After  the  Federal  Government,  in  193^1 
passed  a  Flood  Control  Act,  the  Ne\7  England  States  affected  entered  into 
joint  compacts  to  smooth  out  inherent  difficulties  arising  from  interstate 
drainage  and  to  provide  for  the  acquisition  of  lands  for  and  the  continued 
management,  maintenance  and  operation  of  flood  control  works  that  may  be 
constructed. 

Initial  Flood  Control  T7orI:  Authorization     Under  the  Flood  Control  Act  of 
1936.  Public  Document  No.  730,  7Uth  Congress,  (approved  June  22,  I936),  cer- 
tain "works  of  improvement  for  the  benefit  of  navigation  and  the  control  of 
destructive  floods  and  other  purposes"  were  authorized  by  the  Federal  Govern- 
ment, these  works,  according  to  the  terms  of  the  Act.  to  be  designated  by  the 
President  in  the  order  of  their  emergency  and  to  be  carried  out  under  the 
direction  of  the  Secretary  of  Tar  and  the  supervision  of  the  Chief  of  Engi- 
neers.  Under  this  ii.ct,  provision  was  made:   "That  penstocks  or  other  similar 
facilities,  adapted  to  possible  futiire  use  in  the  development  of  adequate 
electric  power,  may  be  installed  in  any  dam  herein  authorized  when  approved 
by  the  Secretary  of  Tfar  upon  the  recommendation  of  the  Chief  of  Engineers." 

For  the  Connecticut  Hiver  basin  the  Act  provides  for  "construction  of  ten 
reservoirs  in  Vermont  and  New  Hampshire  on  tributaries  of  the  Connecticut 
River;  plans  in  House  Document  No.  'i-12,  7Uth  Congress,  2n.d  session,  as  the 
same  may  be  revised  upon  further  investigation  of  the  193^  flood;  estimated 
construction  cost  $10,02S,.900;  estimated  cost  of  lan.d  and  damages  $3,3U!4,100". 
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An  amendment  to  the  bill  authorizes  also  construction  of  reservoirs  on  trib- 
utaries of  the  Connecticut  River  in  Massachusetts,  in  accordance  with  stipula- 
tions in  the  Interstate  Compacts. 

Interstate  Compacts  for  ?lood  Control     On  June  3,  I936  (prior  to  passage  of 
the  Flood  Control  Act)  the  four,  states  in  the  Connecticut  Valley  organized  a 
joint  Interstate  compact  commission  on  flood  control.  This  Commission,  .  the 
Governors,  and  other  representatives  of  the  four  New  England  States  jointly 
interested  in  Connecticut  Valley  flood  control  met  at  Hartford,  March  S,  1937. 
with  the  Secretary  of  War  and  the  Chief  of  Engineers,  for  the  p\irpose  of  working 
out  definite  means  of  interstate  cooperation  in  matters  cf  flood  control.   The 
CrOvernors  appointed  a  committee  of  twelve  —  three  from  each  of  the  states  — 
to  reach  agreements  and  to  formulate  the  terms  of  an  interstate  compact. 

This  Interstate  Compact  Committee  prepared  agreements  which  were  presented  to 
and  approved  by  the  State  Legislatures  in  the  I937  sessions,  and  were  sub- 
sequently submitted  to  the  U.  S.  Congress  for  final  ratification.  '  Opposition 
to  final  approval  of  the  compact  developed  early.   The  Federal  Power  Commission 
objected  upon  the  ground  that  the  compact,  by  reserving  to  the  States  such 
rights  as  they  already  had  in  connection  with  the  development  of  power,  was  in 
violation  of  the  national  policy  established  by  the  Federal  Power  Act.  A  second 
Administration  objection  developed  a  little  later,  based  on  the  ground  that  the 
compact  did  not  provide  that  the  lands  to  be  furnished  by  the  States  at  their 
expense  were  to  be  deeded  to  the  Federal  Government.   The  Commerce  Committee 
of  the  Senate  which  heard  the  proposed  bill  approved  it  without  reservation  of 
any  kind.   The  House  Committee,  after  hearing  the  bill,  apparently  arrived  at 
the  same  conclusion  as  the  Senate  Committee,  that  is,  that  the  compact  complied 
with  the  requirements  of  the  Omnibus  Flood  Control  Bill,  and  likewise  approved 
it,  with  a  simple  reservation  which  stipulated  that  the  compact  should  not  be 
considered  as  diminishing  or  impairing  the  authority  now  possessed  by  the  War 
Department  and  the  Federal  Power  Commission  over  public  waters. 

The  Interstate  Compact  Committee  received  from  the  U.  S.  Army  Engineers  detailed 
information  on  a  comprehensive  program  for  flood  control  in  the  Connecticut 
River  basin.   This  plan  included  twenty  reservoirs,  of  which  thirteen  would  be 
in  Vermont,  three  in  New  Hampshire,  and  four  in  Massachusetts.   It  was  estimated 
that  these  reservoirs  would  control  about  2279  square  miles,  about  20^  of  the 
basin  drainage  area.  To  supplement  the  reservoirs  a  system  of  dikes  along  the 
river  banks  at  Hartford,  East  Hartford,  in  Connecticut,  and  at  Springfield,  West 
Springfield,  Chicopee,  Kolyoke  and  Northampton,  in  Massachusetts,  was  included 
in  the  program. 

The  cost  estimate  of  this  tentative  comprehensive  plan  as  given  in  a  report  of 
the  Massachusetts  State  Planning  Board  is  summarized  below: 

Estimated  Cost  to 

Federal  Government  Local  interests     Total  Annual 

(Construction      (Land,  Damages,     Estimated  maintenance 

Item  of  Work    chiefly) '   etc.)  Cost  and  operation 

Reservoirs      $2>+,  26l,  000.       $10,575,000.    $3^,536, OUC.    $200,000. 

Dikes  8,562,000.        3,603.000.     12,165.000.      87.000. 

TOTALS       $32,823,000.       $lU,17S,000.    $47,001,000.    $287,000. 
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A  pressing  problem  before  the  Committee  was  to  formixLate  a  program  for  immediate 
execution,  the  cost  of  which  would  come  within  the  present  financial  ability  of 
the  several  states,  and  would  keep,  as  well,  within  the  f-unds  allotted  by  the 
Federal  Government  for  initial  flood  control  construction  in  the  Connecticut 
River  basin. 

With  such  a  plan  in  mind  the  Connecticut  River  Interstate  Compact  T^ras  drawn  up 
specifying  a  group  of  eleven  reservoirs.   These  reservoirs,  indicated  on  the 
basin  map  No.  10-E  and  on  the  river  profile  IT0.7,  are: 


Site 


Victory,  Vt. 

Pas  sumps ic 

66. 

Union  Village,  Vt. 

Ompompanoosuc 

126. 

North  Hartland,  Vt. 

Ottauquechee 

222. 

Groton  Pond,  Vt. 

Wells 

17.3 

Bethlehem  Jet.,  11. H. 

Ammonoosuc 

90. 

Stocker  Pond,  N.K. 

Su,f:ar 

34.  u 

Surry  Mountain,  N.H. 

Ashuelot 

100. 

ICnightville,  Mass. 

Westfield 

iGk. 

Tully,  Mass. 

Miliars 

50. 

Priest  Pond,  Mass. 

Millars 

IS.g 

Lower  Waukeag,  Mass. 

Millers 

19.7 

Drainage  Below  Spill- 
Area  vray  Capacity 
(Sq.Mi.)    (Acre-Feet) 


2U,600 
3c. 200 

Us, 500 

6,500 
2U,200 
11,300 
32,000 
15,800 
55,700 
23,200 

5,600 


Storage  Equiv- 
alent (inches 
of  r-uji-off) 

7. 

U.l 

7. 

6. 

6. 

6. 

U.^ 

S. 

6. 

5.1 


Of  the  eleven  reservoirs  listed,  eight  would  be  selected  for  immediate  con- 
struction, as  follows 5  three  of  the  four  in  Vermont;  the  three  in  New  Hamp- 
shire; and  two  of  the  four  in  Massachusetts. 


The  Connecticut  Valley  Compact  contains  thirteen  articles  defining  the  purpose, 
scope,  teiTDS  and  method  of  administration.   For  the  eight  reservoirs  specified, 
the  cos't  is  estimated  at  $12,722,900.,  of  which  the  Federal  Government's  share 
would  be  $10,023,900.  chiefly  for  the  construction,  and  the  states'  share  would 
be  about  $2,700,000.  for  land,  easements,  relocations,  damages,  and  other  costs. 


Of  the  estimated  cost  to  the  states,  the  following  division  of  payment  was 
agreed  upon  by  the  Compact  Committee,  tind  subsequently  by  the  Legislatures; 


Massachusetts 
Connecticut 
New  Hampshire 
Vermont 


50  f. 
5;^ 


The  Compact  provides,  -under  Article  II,  that  there  be  "created  'The  Connecticut 
River  Valley  Flood  Control  Commission, 'hereinafter  referred  to  as  the  Commis- 
sion, which  shall  consist  of  twelve  commissioners"  —  three  from  each  of  the 
signatory  states.   As  a  body  corporate  and  politic  this  Commission  has  author- 
ity and  power-  to  carry  out  the  terras  and  responsibilities  stipulated  in  and' 
delegated  to  it  by  the  Coiapact. 


One  of  its  important  duties  is  to  collect  from  the  States  and  disburse  funds 
necessary  for- acquisition  of  the  reservoir  -jites  and  for  maintenance  and  opera- 
tion of  the  reservoirs.   Payiiient  of.  the  states'  shares  as  given  above  would  be 
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made  as  requested  after  July  1,  1937 1  ^'iit  not  more  than  one-half  of  the  total 
amount  could  be  required  in  any  one  year.  Each  of  the  signatory  states  would 
contribute,  after  its  initial  investment,  a  corresponding  proportion  of  the 
maintenance  and  operating  expenses.   These  payments  likewise  would  be  made  to 
the  Commission. 

Existing  Storage     There  are  numerous  power  developments  within  the  basin, 
with  varying  amounts  of  pondage,  but  with  no  great  storage  capacity.   The  few 
reservoirs  which  have  real  storage  value  are  located  on  the  upper  Connecticut, 
Mascoma,  Sugar,  Deerfield,  Westfield,  and  Farmington  rivers.   Their  total 
storage. capacity  is  about  ^7.000  acre-feet.   With  some  allowance  for  miscel- 
laneous storage  in  the  other  known  ponds,  it  may  be  stated  conservatively  that 
the  total  existing  usable  storage  capacity  is  in  excess  of  500,000  acre-feet. 

This  total  includes  the  Lower  Fifteen-Mile  Falls  Reservoir,  with  an  effective 
capacity  of  33,000  acre-feet,  which  will  probably  be  utilized  for  stream  reg- 
ulation until  the  Upper  Fifteen-Mile  Falls  development  is'  constructed.   At  that 
time,  effective  storage  of  llU.OOO  acre-feet  will  be  obtainable  in  the  upper 
pond,  and  the  lower  pond  will  be  used  for  piirposes  of  head  and  pondage  only. 
Thus  the  net  increase  in  effective  storage  capacity  will  be  81,000  acre-feet. 


In  addition  to  the  500,000  acre-feet  noted  above, 
ment  on  the  upper  Connecticut  River  at  Pittsburg, 
about  96,000  acre-feet. 


the  proposed  storage  develop- 
New  Hampshire,  will  provide 


Another  reservoir  of  some  possible  value  as  a  means  of  flood  control  is  the 
Quabbin  yater  Supply  Reservoir  on  the  Swift  River,  now  iinder  construction  by 
the  Metropolitan  District  Commission  of  Massachusetts.   When  completed,  this    \ 
will  be  by  far  the  largest  reservoir  in  the  basin,  and  will  store  1,27^,000     ' 
acre-feet  of  '.vater,  althcagh  it  will  control  only  1S7  square  miles  of  watershed. 

Excluding  the  Quabbin  development,  the  largest  amount  of  storage  on  any  of  the 
tributaries  is  that  on  the  Deerfield  River  at  the  Harriman  and  Somerset  Reser-  j 
voirs.   These  two  provide  172,000  acre-feet  of  storage,  which  corresponds  to 
12  inches  of  run-off  on  the  drainage  area  of  12U  square  miles.  As  this  depth 
in  run-off  is  a  large  part  of  the  average  annual  rim-off,  tht-  reservoirs  provide 
excellent  control  of  flood  flows  in  addition  to  increased  low  flow  for  power. 
This  relationship  of  stor,age  to  depth  of  run-off  is  exceeded  only  by  that  of    i; 
the  Cobble  Mountain  Reservoir  on  the  Westfield  River,  and  by  that  of  the  Upper  li 
Connecticut  L-^Jces. 

The  following  table  summarizes  the  major  storage  reservoirs  existing  or  under 
construction: 


STORAGE   aiPACITY 


Reservoir 

Drainage 

Area 
River      (Sq.  Mi.) 

Acre- 
feet 

Depth  in 
inches 
of  runoff 

Acre-feet 

per 

(Sq.Mi.) 

Upper  Conn.  LjJces 
Lower  Fifteen-Mile  Falls 
arafton  Pond,  Goose  Pond, 
Crystal  &  Mascoma  Lakes 
Sunapee  Lake 
Harriman  &  Somerset 

Connecticut 
Connecticut 

Mascoma 

Sugar 

Deerfield 

(cont.) 

22 
(I659) 

153 
U5 

isU 

28,300 
33,000 

28 , 200 

15,200 

178, OuO 

20. 

(o.U) 

3.5 
8.2 
12. 

1080 
(20) 

1S8 

hko 

970 
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STORAGE  CAPACITY 


Drainage 

Depth  in 

Acre-feet 

Area 

Acre- 

inches 

per 

Reservoir 

River      (Sq.Mi.) 
Yfestfield        45 

feet 
62,000 

of  Runoff 

(Sq.i:i.) 

Cobble  Moiintain 

25.5 

1320 

Otis,  Compensation  & 

Nepaug 

Parmington      112 

56,600 

9.U  ■ 

500 

Total  (22S0)  621 

1+66,500 

Ik. 

750 

Misc. 

3 '5,  500 

Total  Existing 

500,000 

Note:  parentheses  inclose  figures  which  are  insignificant  from  point  of  view 
of  flood  control. 


Construction  Under  Way  or  Pending 


Pittsburg 

Qj.\abbin  (Met.Dist.  Com. ) 


Connecticut 
Swift 


8U 
187* 


98,500 
1,27)4,000 


21. U 
127. 


1150 

6soo 


*  By  the  possible  diversion  of  flood  flows  from  the  Ware  River  the  area  con- 
trolled, so  far  as  floods,  are  concerned,  might  be  increased  to  a  total  of 
287  square  miles. 

The  ultimate  capacity  of  the  Quabbin  Reservoir  is  several  times  greater  thain 
the  amount  of  annual  precipitation  on  the  Swift  and  Ware  River  watersheds  alone. 
In  order  to  disturb  as  little  as  possible  the  normal  flows  utilized  by  exist- 
ing interests  on  the  river  downstream  from  this  reservoir,  only  flood  flows 
will  be  diverted  froiii  these  and,  if  necessary,  other  nearby  drainage  areas.   If 
the  Swift  and  Y/are  River  watersheds  are  not  capcible  of  meeting  the  demands  of 
tiiB  Metropolitan  supply  tupre  may  ultimately  be  diverted  into  the  Quabbin 
Reservoir  flood  flows,  at  least  in  part,  from  more  than  1000  square  miles  of 
additional  draineige  area  (comprising  an  area  equ-il  to  about  one-eighth  the  area 
of  the  state  of  liassachusetts )  in  tne  Millers,  Deerfield,  Quaboag,  and  Westfiela 
River  watersheds.   For  the  present,  hov?ever,  the  flood  control  value  of  the 
Quabbin  Reservoir  will  affect  only  the  Swift  River  urea  of  187  square  miles 
directly  and  the  Ware  River  diversion  area  of  100  sq-aare  miles  to  a  lesser 
extent. 

Excluding  the  large  Pif teen-Mile  Falls  area,  but  including  the  Pittsburg  and 
S-jift  and  Ware  River  areas,  there  will  soon  be  1000  square  miles,  about  9^  of 
the  total  Connecticut  River  basin  area,  tributary  to  storage  of  sufficient 
magnitude  to  control  floods  and  reg'ilate  low  flows.  Fnen  and  if  flood  flov.'s 
are  diverted  to  the  Qp^abbirx  Reservoir  from  the  other  areas  mentioned  above, 
the  total  controlled  area  will  be  doubled. 

Proposed  Flood  Control  Storage     Storage  possibilities  in  the  Connecticut  Rivi^ 
basin  have  been  studied  and  reported  on  by  individual  consulting  engineers  and 
state  agencies  and  by  the  Federal  Government  through  the  Army  Engineers.   Recent 
extensive  investigations  h-.ve  been  carried  on  by  the  Army  Engineers  to  determine 
which  would  be  econoruically  f^^asible  for  developr.ient. 


As  reported  in  Document  #4l2,  7Uth  Congress,  2nd  Session  ("3O8"  Report)  from 
a  group  of  about  3'^''^-^  projects  in  the  Connecticut  basin  studied  for  storage  and 
power  possibilities,  33  were  selected  to  form  an  itltimate  plan  of  flood  control. 
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Of  these  33  projects,  10  were  chosen  as  best  suited  to  incorporation  in  an 
initial  flood  control  plan:  Lyndonville,  Lyndon  Center  and  Victory,  on  the 
Passumpsic  Hiver;  Bethlehem  Junction  and  Gale  River,  on  the  Ammonoosuc  River; 
Union  Village,  on  the  Ompompanoosuc  River;  Ga^rsville,  Ayers  Brook  and  South 
Tunhridge,  on  the  White  River;  and  Bridg'ewuter  Corners,  on  the  Ottauquechee 
River. 

The  Flood  Control  Act  of  1936  authorized  an  expenditure  of  $13, Ull.UOO  for  a 
reservoir  system  in  the  Connecticut  Valley.   It  als^  authorized  the  revision 
of  the  "Initial"  plan  of  H.  D.  Ul2  in  the  light  of  the  effects  of  the  1936 
flood. 

Studies  made  as  a  result  of  this  authorization  resulted  in  substitution  of  other 
reservoirs  for  those  listed  in  H.  D.   Ul2.   The  I936  flood  was  of  a  greater 
magnitude  in  the  lower  valley  and  indicated  the  desirability  of  locating  many 
reservoirs  lower  do\vn  in  the  watershed.   Eight  reservoirs  were  selected  for 
the  definite  project  of  this  authorization. 

These  eight  reservoirs  coincided  with  those  included  in  the  Interstate  Compact 
for  the  Connecticut  Valley  agreed  upon  by  the  fo\ir  states  in  1937- 

The  total  cost  o-f  this  group  of  reservoirs  is  $10,028,900  Federal  cost, 
$2,700,000  State  cost.   The  annual  charges  are  $727,600.   The  acre-feet  of 
storage  of  the  reservoirs  in  this  project  is  2^2,300.   The  total  annual  direct 
and  indirect  benefits  of  these  reservoirs  exceed  the  annual  charges.  As  a 
resijlt  of  an  extensive  investigation  the  total  losses,  direct  and  indirect,  due 
to  the  1936  flood  were  estimated  to  be  $67,000,000. 

An  additional  report  based  upon  studies  of  the  cost  and  benefits  resulting 
from  a  larger  system  of  reservoirs  and  other  flood  control  works  to  give  flood  . 
control  protection  to  the  valley  as  justified  by  damage  from  all  past  floods, 
has  been  made  by  the  Army  Engineers.   This  plan  included  the  use  of  levers 
or  dikes  in  the  large  congested  centers  on  the  Connecticut  River.   The  study 
included  an  analysis  of  the  economic  justification  for  such  a  system. 
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Flood  Flows     Flood  records  on  the  Connecticut  Eiver  date  back  about  300 
years,  although  the  early  records  are  scant  and  the  information  meagre.  At 
the  time  of  the  1927  flood,  much  information  was  gathered  in  regard  to  flood 
crests,  discharges,  and  damages  occasioned;  since  then  records  have  been  much 
more  comprehensive,  and  gaging  stations' have  been  added  or  improved  on  many 
important  tributaries.   Details  of  these  records  are  given  in  Federal  and 
State  publications. 

Almost  complete  records  are  at  hand  covering  the  1927  and  1936  floods.  The 
1927  flood  is  classed  as  an  "up-river"  flood,  since  the  more  serious  losses 
were  experienced  in  the  upper  reaches  of  the  river,  m.ainly  in  Vermont.  The 
1936  flood  is  classed  as  a  "down-river"  flood,  as  the  greatest  amount  of  dam- 
age was  incurred  along  the  lower  reaches  of  the  river,  in  Massachusetts  and 
Connecticut. 

The  following  table  shows,  for  the  days  of  greatest  flow  during  the  two  floods, 
the  runoff  characteristics  in  the  lower  reaches  of  the  river.   The  basic 
records  are  for  Sunderland  (8390  square  miles)  in  the  1927  flood,  and  for  Mon- 
tague City  (8340  square  miles)  in  the  1936  flood.   For  practical  purposes  these 
stations  are  considered  as  coincident;  the  depth  of  runoff  in  inches  is  felt 
to  be-  applicable  to  the  drainage  areas  above  such  points  as  Morthampton,  Hol- 
yoke, Springfield  and  Hartford. 
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5.2 
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2 
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5.8 

The  extended  effect  of  the  1936  flood  in  the  lower  reaches  of  the  river  is 
shown  by  the  following  average  flood  duratio-n  trends: 


Flood  Trend 


Bxnoff  Intensity  in  Second  Ft.  ner  Sq.  Mi. 
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Flood  Damages  and  Penefits  Siomrarized 


According  to  estimates  prepared  by 


the  T_T.  s.  Army  Engineers  ,the  direct  losses  caused  by  the  1927  and  1936  floods 
in  the  Connecticut  Eiver  valley  were: 
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State  1927  1936 

Vermont  $10,981,000  $1,765,000 

New  Hampshire  1,767,000  2,268,000 

Massachusetts  2,157,000  19,144,000 

Connecticut  621,000  11,745,000 

Total  $15,526,000  $34,922,000 

Of  the  total  direct  damar-es  in  the  basin  for  the  1936  flood  of  $34,922,000, 
about  15^  occurred  on  the  tributaries;  about  one-third  of  the  losses  on 
the  tributaries  occurred  in  the  Millers  River  basin.   These  amounts  take 
no  account  of  indirect  losses.'  From  an  analysis  by  the  Army  Engineers  of 
342  questionnaires  which  covered  about  14^  of  the  entire  direct  losses  re- 
turned from  the  States  of  Massachusetts,  New  Hampshire  and  Connecticut,  it 
would  appear  that  the  indirect  losses  which  could  be  expressed  in  terms  of 
the  dollar  amounted  to  about  74j5  of  the  direct  losses. 

If  there  is  added  to  this  figure  an  estimate  for  "intangible"  losses,  the 
total  of  indirect  losses  resulting  from  the  1936  flood  very  nearly  equals 
the  total  of  direct  losses  in  the  Connecticut  basin. 

It  has  been  estimated  that  property  valued  at  nearly  $300,000,000  was  sub- 
ject to  inundation- during  the  1936  flood.  With  reasonable  flood  control 
works  considerable  appreciation  in  the  value  of  this  property  may  well  be 
expected. 

Annual  Charges     The  estimated  annual  charges  for  the  fifteen  reservoirs 
selected  by  the  Army  Engineers  are  based  generally  on  interest  rates  of  Afo 
on  the  Federal  and  5fo   on  local  costs.   The  developments  would  be  amortized 
over  a  period  of  50  years.   Annual  maintenance. and  operation  has  been 
estimated  as  follows:   for  earth  dams,  from  $500  to  $3500  depending  on  the 
yardage  involved;  for  concrete  work,  1^  of  the  cost;  for  machinery,  in- 
cluding gates,  Zfo;    for  operation,  $5,000,  including  $1500  for  operator 
when  the  dam  is  gate-operated,  $500  for  expenses,  and  $3000  for  general 
overhead;  and  in  addition,  whatever  amount  appears  to  represent  the  ex- 
cess cost  of  maintenance  of  new  roads  over  that  of  roads  now  existing. 

Article  XI  of-  the  Interstate  Compact  stipulates  als»  that  "Ag  a  part  of 
the  expense  of  operation  and  maintenance  of  said  reservoirs  the  Commis- 
sion shall  assume  and  pay  to  the  respective  towns  entitled  thereto  the 
cost  of  reimbursement  for  loss  of  taxes  as  set  forth  and  required  in 
sub-paragraph  (c)  in  Article  VI  hereof,  and  shall  pay  all  costs  incident 
to  or  damages  resulting  from  the  operation  and  maintenance  of  such  flood 

control  reservoirs  and  shall  pay  all  other  costs  or  expenses 

including  the  expenses  of  the  members  of  said  Commission." 
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HYDROGRAPH    FOR  FLOOD  OF  MARCH  1936 
CONNECTICUT  RIVER  BASIN 

130 

STA,TION                                  DRAINAGE  AREA 

J     MASa>MA  RIVER                  MASOOMA,  M.R              (  153  Sq.  mij 

2  SUGAR  River                w.ciaremont  n.h.    C2C9sq.mij 

3  MOOSE  RIVER                 ST.  JOHNSBUR>;  VT  (I2<S   Sq.  mi) 
-♦    PA5SUMPSIC  RIVER        BkSSUMPSIC,  VT          (423S<J^mi.) 

5  ASHUELOTRIVER             HINSDALE,  N.H.         (4ZOsq.mi.) 

6  AMMONOOSVJC  RIVER  BATH,  N.H.                     (393  Sq.mi) 

7  OTTAQUECHEE  RIVER   N.HARTLAHCVT           (221    Sq.  mi.) 
&   WHITE  RIVER                    W.  HARTTDRD,  VT          (690  S<J.  ml) 
9   BLACK  RIVER                   N. SPRINGFIELD,  VT      ClS«Sq.ml) 
lOWEST    BIVER                   NEWFANE,    VT           (Soasq-mi.) 

11  MILLER  RIVER                ERVIMS.MASS.             (37X3  Sq^mi.) 

12  DEERFIELD  RIVER             CHARUMONT,MASS.    (362  Sq.mL) 
I5WESTF1ELD  RIVER          WESTFIELD.MASS.         (497  sq^mi) 
!-♦  SWIFT  RIVER                     WEST  WARE,  MASS.  (  IflS   Sq.mi.) 

1 

■^ 

Q 

y 

- 

CONNECTICUT  RIVER  -  THOMPSONVILLE,CDHN(9637s<J^mi.) 
CONNECTICUT  RIVER  -   MONTAGUE  Cm(;MASS.(7e403q.mi.) 
CX3MWECTICUT  RIVER-    WHITE  RIVER  J'CT  VT    (4068  Sc^mi) 
CONNECTICUT  RIVER-   SOUTH  MEWBURnf  VT  f2a2S  Sq^mi.) 
CONNECTICUT  RIVER-  DALTON    N.H.                (rS30Sq.mi} 
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General  Conclusions     A  carefiilly  planned  improvement  and  development  of 
the  headwaters  area  is  a  very  important  part  of  an   integrated  watershed  pro- 
gram.  The  management  of  the  headwaters  land  to  promote  the  growth  of  veg- 
etation best  adapted  to  retard  the  riHioff,  encourage  the  conservation  of 
ground  v/ater,  and  prevent  erosion  is  important  to  supplement  all  other  im- 
provements for  the  reduction  of  floods,  the  abatement  of  pollution,  and  the 
conservation  of  water.   The  importance  of  this  program  is  somewhat  reduced 
by  the  fact  that,  for  about  60  years,  there  has  been  a  steady  abandonment  of 
farms  in  the  upland  area,  accompanied  by  a  natural  reforestation  or  reseeding 
of  tillage  and  past-'ore  land  until  nearly  ZOfo   of  the  basin  area  in  New  Hamp- 
shire and  Vermont  is  now  covered  with  some  sort  of  forest  growth. 

There  are  many  small  headwaters  storage  sites  which  shoiold  be  further  in- 
vestigated, and  where  possible  they  should  be  improved  to  supplement  the 
storage  in  the  larger  reservoirs  m  the  downstream  areas. 

The  size  of  the  Qaabbin  Reservoir  is  such  that 'a  great  .amount  of  benefit 
should  accrue  for  flood  control.   It  would  appear  desii^able  that  the 
program  of  development  involving  the  flood  flow  diversions  contemplated 
fpr  Quabbin  should  be  studied  and  worked  out  cooperatively  with  the  Con- 
necticut River  flood  control  program  so  as  to  obtain  the  most  effective 
use  of  the  investments  made. 

It  seens  advisable  that  some  impartial  agency  be  ma,de  responsible  for  co- 
ordinating operation  of  all  storage  reservoirs,  existing  and  future,  within 
the  Connecticut  River  basin,  in  order  that  the  regulation  of  flows  in  this 
river  may  be  of  the  utmost  advantage  to  all  concerned.   The  degree  to  which 
regulation  can  be  coordinated  will  in  part  determine  the  degree  to  which 
future  investments  for  water  use  and  control  projects  on  the  Connecticut  can 
be  justified. 

It  is  generally  conceded  that  to  control  floodc  in  the  Connecticut  Valley 
reservoirs  must  be  constructed  on  the  tributary  streams.   It  is  not  known 
what  proportion  of  the  cost  should  be  charged  to  flood  control.   The  Army 
Engineers  state  that,  in  the  case  of  the  Compact  reservoirs,  "the  total 
annual  direct  and  indirect  benefits  ...   exceed  the  annual  charges." 
H.  K.  Barrows  states  that  "flood  relief  alone  will  not  justify  an  ex- 
penditure of  more  than  about  $20,000,000;"  and  tliat  "the  cost  of  a 
reservoir  and  dike  system  to  prevent  damaging  floods  will  be  roundly 
$50,000,000."  It  is  the  contention  of  the  Vermont  Flood  Compact  Board 
that  a  comprehensive  power-storage  reservoir  system,  such  as  that  advo- 
cated by  Professor  Barrows  in  his  192S  and  I93O  reports,  would  "result 
in  other  losses  to  the  State  (Vermont)  compared  to  which  the  dollars  and 
cents  cost  of  construction  and  land  purchases  would  be  small  indeed. 
Due  to  a  combination  of  the  topography  and  the  organization  of  the  gov- 
ernmental units  in  the  State,  the  construction  of  all  the  proposed  reser- 
voirs would  result  in  the  elimination  of  a  number  of  our  towns;  wou].d 
restrict  further  development  of  Recreation  in  a  large  section  of  the  State; 
vrould  measurably  reduce  the  profitable  agriciilture  of  the  State," 
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Obviously,  a  complete  solution  of  the  flood  control  fjroblem  is  impossible 
until  there  can  be  reconciliation  of  these  conflicting  views.   However, 
inasmuch  as  all  four  States  in  the  Connecticut  Valley  and  the  Army  Engineers 
are  agreed  that  the  program  called  for  in  the  Interstate  Compact  is  a  valid 
and  effective  step  in  any  long-term  flood  control  program  which  may  be 
worked  out,  it  is  desirable  that  the  provisions  of  this  Compact  be  carried 
out  in  order  that  a  real  start  may  be  made  toward  relieving  one  of  New  Eng- 
land's most  acute  water  resources  difficulties. 
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H.  K.  Barrows,  Ciiairman  of  the  Water  Resourcec  Committee  of  the  New  Eni°;land 
Regional  Planning  Commission,  has  presented  on  his  own  responsibility  the 
following  memorandum,  which  we  attach  hereto: 

"The  recent  serious  floods  on  Connecticut  River  have  included  thfxt  of 
1927,  with  a  total  direct  dajnage  of  about  $15,000,000  and  that  of  I936,  with 
a  total  direct  damage  of  about  $31,000,000.   These  two  floods  showed  peak  flows 
on  the  lower  river  (near  Sunderl.and  and  Holyoke)  of  about  lyO.OOO  and  ^30,000 
c.f.s.  respectively  and  frequencies  of  about  100  yetirs  and  5OO  years  respective- 
ly. At  a  flow  of  about  120,000  c.f.s.  damages  are  nominal. 

"The  frequency  study  of  all  damaging  floods  shows  a  yearly  flood  damage 
of  about  $U00,000  based  on  direct  damages  alone.   Indirect  damages  will  add 
approxim'j.tely  the  same  amo^ont,  so  that  all  flood  damages  result  in  a  yearly 
loss  of  about  $800,000  or  say  $1,000,000. 

"The  cost  of  a  reservoir  and  dike  system  to  prevent  damaging  floods  will 
be  roundly  $50,000,000.  requiring  yearly  charges  of  5  to  6^  or  $2,500,000 
to  $3,000,000  yearly.   It  is  obvious  therefore  that  flood  relief  alone  will 
not  justify  an  ex-jenditure  of  more  than  about  $20,000,000. 

"The  U.  S.  Engineer  Corps  estiiaates  yearly  flood  damages  (or  benefits) 
for  all  floods  as  follows :- 

(1)  Direct $  g5U,U00 

(2)  Indirect  gl6,U00 

(3)  Restoration  of  property  values  or  depreciation  3, 597,200 

Total,  $5, 26s, 000  yearly. 

"The  siHU  of  iteas  (i)  and  (2)  alone  or  about  $L,b7'^.',C0C  yearly,  includ'5S 
all  damages  for  all  floods.   Tne  third  iteu  represents  a  less  dependable 
method  of  arriving  at  the  same  result;  viz-  the  sun  of  items  (1)  and  (2). 
Either  method  gives  a  determination  of  yearly  flood  benefits  but  the  first, 
based  on  tangible  figares  of  damage,  is  a  .nuch  more  certain  method  than  that 
based  on  estimating  depreciation.   The  latter,  "based  upon  a  few  sales  sub- 
sequent to  the  1936  flood,"  is  more  speculation  and  d.oes  not  give  the 
ultimate  true  depreciation. 

"In  any  event,  to  incliide  data  of  both  damages  and  depreciation  is 
adding  together  two  determinationn  of  the  same  quantity. 

"The  yearly  item  of  $3,597,200  should  therefore  be  stricken  out  as  all 
flood  benefits  are  definitely  included  in  the  first  two  items.   This  leaves 
about  $1,670,000  yearly  of  flood  benefits  where  <S2, 500,000  to  $3,000,000 
will  be  required  for  yearly  charges  on  the  reservoirs  and  dikes  .... 

"On  both  the  Connecticut  and  Merrimack  River  basins  the  general  solution 
of  the  problem  of  flood  relief  is  an  extensive  system  of  storage  reservoirs, 
designed  and  operate!  for  economic  power  production,  but  providing  flood 
protection  as  a  largo  accoupanying  benefit." 
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Poner     The  Connecticut  Hiver  and  its  tributaries  constitute  the  most 
important  sovirce  of  water  power  in  Now  England.  Present  wheel  installations 
total  nearly  800,000  horse  power. 

There  is  a  fall  of  ahout  1600  feet  in  the  main  river  between  First  Con- 
necticut Lake  and  tidewater,  tt   Hartford,  Connecticut,  and  nearly  600  feet 
of  this  fall  is  at  present  developed.  The  largest  dams  are  at  the  fol- 
lowing locations: 

plant 

Fifteen  Mile  Palls  (Comerford) 

Mclndoes  Falls 

Wilder 

Bellows  Falls 

Vernon 

Turners  Falls 

Holyoke 

Total 

(a)  3  plants 

(b)  5  plants 

The  other  six  developed  sites  on  the  main  river  have  a  total   capacity  of 
12,974  horse  power.     Of  the  501,444  horse  power,    354,850  horse  poi7er,    de- 
veloped under  a  total  hepd  of  447  feet, is  on  that  part  of  the  Connecticut 
Hiver  above  the  Massachusetts  line.      In  Massachusetts,    109  feet  of  head 
are  utilized  to  develop  l'*-4,270  horse  power;   in  Connecticut,   2324  horse 
power  are  developed  under  a  head  of  34  feet. 

Developments  on  the  tributary  streams  total  312,935  horse  power,    divided 
aJQong  the  four   states  as  follows: 

State  Total  Installation  -  HP 

New  Hampshire  21,530 

Vermont  87,955 

Massachusetts  172,987 

Connecticut  .  30,463 

lEie  Deerfield  River,    in  Vermont  and  Massachusetts,    is  the  most  highly  de- 
veloped tributary/-,   with  8  plants  utilizing  nearly  1200  feet  of  head  to 
develop  about  130,000  horse  power. 

The  power  developments  are  benefited  by  numerous  storage  reservoirs  throughout 
the  basin.      The  total  usable   storage   capacity,    as  given  ^oy  the  U.    S.   Arny 
Engineers   (House  Doaiment  #412,   74th  Congress,    2nd   Session),    is  about  490,000 
acre-feet.     The  storage  reservoirs  of  greatest  capacity  are; 

Effective  Capacity 
Storage  Reservoir  River  (Acre^feettY 

Connecticut  Lakes  Comiecticut  .  88,300 

Lower  Tifteen  Mile  Falls  «  33,000 

Goose  Pond  Mas coma  11,000 
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Effective  Capacity 
Storage  Reservoir  (cont'd)  River  (JLcre-feet) 

Mas coma  Lake  Mascoma  11,400 

Sunapee  Lalce  Sugar  19,800 

Somerset  Reservoir  Deerfield  62,000 

Harriman  Reservoir                                     "  115,000 

Cotble  Mountain  Reservoir  Westfield  62,000 

Otis  Reservoir  Farraington  18,400 

Compensation  Reservoir  ■          "  9.200 

Total     '  431,100 

Although  the  most  economical  water  power  sites  are  already'-  developed, 
many  undeveloped  sites  are  available,   particularly  on  the  Vermont  and  New 
Ha;npshire  tributaries.     However,    the  feasibility  of  the  development  of  these 
potential   sites  will  depend  on  the  extent  to  which  new  storage  can  be  de- 
veloped.    Redevelopment  of  existing  plants  can  likewise  be  justified  only  if 
additional  storage  is  provided. 

Studies  of  power  and  storage  have  been  made  by  state  agencies  and  by  the 
U.    S.   Army  Engineers,     A  report,    prepared  for  the  Advisory  Committee  of  En- 
gineers on  riood  Control  for  the  State  of  Vermont    (1928-1930),    listed  over 
40  power  and  storage   sites  on  the  Vermont  tributaries  as  suitable  for  future 
development. 

A  report  prepared  for  the   State  of  New  Hampshire  in  1934  described  several 
sites  on  the  New  Hampshire  tributaries  to  the  Connecticut  as  feasible  for 
development . 

In  the  U.    S.   Army  Engineers'  1935   "308"  Report  on  the  Connecticut  a  compre- 
hensive plan  for  the  ultimate  development  of  power  in  the  basin  was  sub- 
mitted.     This  plan  included  19  storage  reservoirs,    with  an  effective   storage 
capacity  of  770,300  acre-feet,    to  be  utilized  for  the  benefit  of  downstream 
power  plants;    and  22  power  developments  with  installed  wheel  capacities 
totalling  approximately  430,000  horse  power.      Tlie   cost  of  carrying  out  this 
comprehensive  plan  was  estimated  at  $81,358,000. 

The  Arn^r  Engineers  are  at  present  re-studying  the  comprehensive  flood  control 
plan,    pursu^int  to   the  authorization  of   the  1936  iTlood  Control  Act,   and  will 
submit  at  a  later  date  a  report  on  the  results  of  their  studies.     As  noted 
\inder  the  Flood  Control   section  above,    15  reservoir  sites  have  been  selected 
by  the  Engineers  as  being  best  suited  to  develonraent   for  flood  protection 
in  the  entire  valley. 

The  report  of  the  Advisory  Comjnittee  of  Engineers  on  Flood  Control,    as  sum- 
marized by  the  Public  Service  Commission  of  Vermont, contains  the  results  of 
the  investigations  of  its  consulting  engineer  (H.K. Barrows),  vmo  made  a 
study  of  the  potential  storage  on  the  principal  rivers  of  Verr.innt  following 
the  disastrous  flood  of  November  1927.      The  report  v/'ia  in  two  parts:      the 
first,    completed  in  1928,  contdined  a  report  on  the  White  and  Passuiapsic 
Rivers  in  the  Connecticut  basin,   together  with  reports  on  three   rivers  in 
the  Lake  Chajnplain  basin;    the   second,    completed  in  1930,    covered  the  Nulhegan, 
Wells,    Waits,   Oraporapanoosuc,   Ottauquechee,    Black,    Williams  and  West  Rivers. 
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In  all,    the  two  reports  covered  the  10  largest  Vermont  tributaries  of  the 
Connecticrut.      The  p-urpose  of  the   investigation  was  to  determine   the  "best 
methods  for  preventins<;  disastrous  floods  on  the  Vermont  rivers.      The  con- 
clusion of  the  Engineer  was  that  flood  protection  must  rely  fundamentally 
upon  power-storage  reservoir  systems,  because  the   cost  of  the  protective 
works  could  not  be  justified  on  the  basis  of  flood  control  benefits  alone. 

Out  of  the  large  number  of  reservoirs  investigated .thirty- three  were  selected 
which  would  "increase  the  low  water  flow  to  a  sufficient  extent   to  make  all 
of  these   streams  dependable  for  power".      Tlie  Report  went  on  to   say:      "The 
development  of  power  at  and  below  reservoir  sites  can,    in  most   instances,    be 
accomplished  at  rela.tively  low  cost   so  as  largely  to   carry  the   cost  of  the 
reservoir,    and  the  resulting  flood  protection,'' 

"It  has  been  found  possible  to  work  out   for  each  river  system  a  co.npre- 
hensive  plan  for  storage  and  pov/er  development,    including  available  head  at 
reservoir  sites  as  well  as  at  other  power  sites  upon  the  river  below,    that  will 
provide  power  at  reasonable   cost;   —  varying  in  general  between  about  two- 
third     cent  and  1  cent  per  kilovmtt  hour  and  averaging  about   seven-eight  cent 
for  the  entire  area  covered.      In  some  instances  a  cost  as  low  as  one-half 
cent  per  kilowatt  hour  is  possible,   while  a  few  rivers  show  costs  eicceeding 
1  cent  per  kilowatt  hour.      These  are   costs  of  totol  pov;er,   of  which  approxi- 
mately an  average  of  60^  is  primary  power.     To   transform  the  secondary  power 
into  primary  power  will  require  make  up  or  auxilifr:,'-  por/er  purchased  or  gen- 
erated,  which  if  included  would  make  the   cost  of  power,   all  primary,    average 
approximately  1  cent  per  kilowatt  hour,    including  all  developments.     This 
cost  of  output  includes  all  fixed  and  operating  charges  for  reservoirs  and 
pov;er  developments,    including  land  and  property  at  present  local  prices  but  no 
allowsince  for   special  water  rights." 

•■•The  Report   states  that:      "While  it  may  be  many  years  before  all  this  power 
can  be  marketed,    some  of  the  more  attractive  projects  can  be  used  in  the  early 
futiire.      Tlie  use  of  electric  power,    especially  for  domestic  and  farm  pur- 
poses,   is  rapidly  growing  aJid  a  stud:/  made  upon  T7indoski  Hiver  by  the  U.    S, 
Engineer  Office  indicates  tliat  a  large  part  of  the    storege-porer  system  pro- 
posed for  that  river  v/ill  be  needed  within  rbout  10  years. 

"A  general    scheme  of  storage-power  development  has  been  planned  for  each 
river  basin,   whid'i  should  be  followed  or  kept  in  mind  in  all  new  developments." 

With     respect  to  the  use  of  these  reservoirs  for  the  benefit  of  the  plants 
on  the   Connecticut  River  the  report  stated  that:      "One  of  the    significant  re- 
sults of  the  investigation  vvas  the  import.-ancs  of  possible  cooperation  in 
sharing  the   cost  of  storage  reservoirs  for  the  eastern  group  of   streams  which 
are  tributai-y  to  Connecticut  Hiver  on  the  part  of  the  plants  upon  the  latter 
stream. 

"As  an  illustration,   the  proposed  G'aysville  reservoir  upon  Wliite  River,   v/hich 
of  itself  would  largely  solve  the  flood  problem  on  that  stream,   v;ith  the 
river  developed  as  proposed  would  have  a  head  using  tliis   storage  of  405  ft,, 
and  ever;'  million  cubic  feet  of  storage  would  cost   $1,70  per  foot  of  this  405 
feet  of  head.     On  Connecticut  River  below  White  River  is  245  ft.,    of  head 
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mostly  developed  v/hich  if  included  to  share  the  cost  of  storage  -would  re- 
duce the  unit   cost  of   storage  from  $1.70  to  $1,06  per  million  cuhic  feet 
per  foot  of  head. 

"In  general,    the  inclusion  of  Connecticut  River  cooperation  vdll  mnke  this 
eastern  group  of  streajns  capable  of  power- storage  development  at  relatively 
loY/  cost  —  whereas  v/ithout  this   cooperation  some  of  these  rivers  show  too 
costly  developments  to  "be  attractive," 

These  thirty-three  reservoirs  would  control  a  total  drainage  area  of  2691 
square  miles,    and  would  have  a  storage  capacity,  helow  spillray  le^'el,    of 
35,530,000,000  cubic  feet   (773,490  acre-feet).      The  restating  increase  in 
lo\7-water  flow  in  the   Connecticut  below  the  West  River  woiild  be  about  1840 
cubic  feet  per  second.      This  vrould  more   than  double  the  low-water  flow  at 
Turners  Falls,   liass. ,   where  it  is  now  only  1500  cubic  feet  per  second. 
The   corresponding  increase  in  priraaaiy  power  on  the  Connecticut  was  estimated 
to  be  abou.t  46,000  horsepower,   at  a  cost  of  0.5  cent  per  kilowatt-hoior. 
The  storage  would  provide  also  a  material  reduction  in  flood  flows,    inasmuch 
as  approximately  one-th.ird  of  the  total  Connecticut  drainage  area  would  be 
effectively  controlled. 

The  s-ummarized  data  for  these  thirty-three  reservoirs  is  given  below: 

Storage  Capacity,   below  spillway  772,000  acro-feet 

Storage   Capacity,    above  spillway  268,000       »         " 

Total  estimated  cost  $37,988,000 

Increase  in  Low  Water  Flow  of  Connect! cu.t  1,842  c.f.s. 

River  below  West  River 
Developed  Head  on  Connecticut  River  using  289  feet 

storage 
Horse- pover  of  Increased  Low  Water  Flow  46,300  horse  power         , 

Cost  allocated  to   Connecticut  River  Plants  $16,047,000  / 

(total   cost  allocated  on  basis  of  head  I 

benefited.)     • 
Cost  of  Increased  Primary'-  Power  Q,57(pt  K'^.hr. 

The  Barrows  Report  on  ITew  Hainpshire  tributaries  of  the  Connecticut  River  in- 
cluded results  of  investigation  of  pov/er- storage  regulation  for  the  Ashuelot, 
Sugar,    Mascoraa,   inimonoosuc.and  Upper  Amraonoosuc  Rivers.      The  effect  of  such 
regj.lation  upon  the  flow  of  the  main  river  was  also   discussed.      The  Report 
recommended  as  feasible  the  developiaent  of  twenty-one  reservoir  sites 
(including  5  then  in  use),    controlling  about  1157  of  tlie  1551  square  miles 
drained  by  the  five  tributaries.      The  total  below- spillwny  capacity  of  the 
twenty-one  reservoirs  would  be  14,2  billion  cubic  feet.     At     14  of  the 
reservoir  sites,   power  could  be  developed  \ander  a  total  of  2690  feet  of  head; 
the  in  stall  at  ions  would  aggregate  53,000  horse  porrer;    the  average  yearly  out- 
put would  be  about  172  million  kiloratt-hoUrs. 

Tlie  Report  indicated  that  at  25  additional  sites,   power  could  be  developed 
under  an  aggregated  head  of  1794  feet,    and  with  a  wheel  capacity  of  78,000 
horse  poT.'er.      If  all  39  power  sites  were  develorjed,    the  total  head  utilized 
would  be  4484  feet;    the  total  wheel   capacity  131,000  horse  power;    and  the 
annual  output  409  million  kilowatt -hours,   of  which  57^1  would  be  primary. 
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Connecticut  River  plants  would  tenefit  by  an  increase  in  low-water  flow  of 
3S5  cubic  feet  per  second  at  Bellows  Falls  and  Vernon,  and  U50  at  Turners  Falls. 
This  woiild  add  an  equivalent  of  11,500  horsepower  of  24-hour  primary  power,  at 
a  cost  of  about  0.5^;^^  per  kilowatt-hour. 

As  an  initial  program  five  storage  projects  and  four  power  developments  v/ere 
recommended.   The  reservoirs  would  control  about  263  square  miles  of  drainage 
area,  and  would  cost,  for  storage  alone,  about  $4,115,000.   The  h   power  devel- 
opments, which  would  utilize  037  feet  of  head  and  develop  ll,gOO  horsepo^ver, 
would  cost  $1,202,000.   With  existing  Connecticut  River  plants  cooperating  in 
the  cost  of  storage,  the  average  cost  of  total  power  at  reservoir  sites  would 
be  0.5S^  per  kilowatt-hour.   Witnout  such  cooperation,  the  corresponding  fig- 
ures would  be,  respectively,  O.gUf  and  1.12;/^  per  kilo-v7att-hour.   Hence,  it  is 
probable  that  the  projects  would  not  be  developed  economically  unless  part  of 
the  cost  were  borne  by  Connecticut  River  power  plants. 

Below  m.oy  be  found  data  for  the  initial  group  and  for  all  21  sites,  as  sum- 
marized from  tables  in  the  Conaulting  Engineer's  Report: 

Initial  Five  Twenty-One 

Capacity,  Below  Spillway  119,000  acre-feet     326,000  acre-feet 

Capacity,  Above  Spillway  51,000   "     •'      106,000   "   " 

Total  Estimated  Cost  $4,115,000  $11,317,000 

Estimated  Increase  in  lov7-',7ater  flow 
on  Connecticut  River  207  c.f.s.  4U3  c.f.s. 

Total  head  using  increased  flow  on  the 
Connecticut  River  533  ft.  533  ft. 

Equivalent  increase  of  power  on  Con- 
necticut River  2,330  h. p.  11,500  h. p. 

Cost  allocated  to  Connecticut  River 
plants  (on  basis  of  head)  $2,9^6,000  $3,961,000 

Cost  of  increased  primary  power  on 
Connecticut  0,5S^/Kw.-hr.  0. 54(zJ/lcw-hr. 

Since  the  Barrows  Reports  of  1922  and  I93O  were  made,  the  Army  Engineers  made  a 
report  in  1935  embracing  comprehensive  studies  of  the  Connecticut  River  basin 
as  authorized  by  the  H.  D.  302  Act.   A  report  in  1937  authorized  by  the  Flood 
Control  Act  of  193^  was  submitted.   These  studies  embraced  detailed  surveys, 
geological  investigations,  and  complete  analyses  of  the  various  water  problems 
of  the  Connecticut  River.   The  result  of  these  comprehensive  investigations  in- 
dicated: "that  flood  control  reservoirs  and  other  flood  control  measures  were 
economically  feasible;  that  the  justification,  therefore,  does  not  require  them 
to  be  part  of  a  power  development. " 

Navigation     As  a  commercial  thoroughfare  the  Connecticut  has  infltienced  New 
England's  industrial  history.   During-  the  late  colonial  period  sloops  ajid  barks 
shipped  cargoes  from  Hartford  to  coastal  and  foreign  ports,  while  above  Hartford 
flatboats  plied  the  river.   Cargoes  must  therefore  be  unloaded,  carried  and  re- 
loaded  at  each  fall.  After  the  Revolution  the  development  of  inland  waterways 
received  widespread  attention.   Locks  an,d  canals  were  built  at  South  Hadley  and 
Turner's  Falls  in  Massachusetts;  at  Bellows  Falls,  Sumner  Falls,  and  White  River 
Junction,  Vermont;  and  at  Enfield,  Connecticut.   From  ¥ells  River,  Vermont,  to 
Hartford,  Connecticut  a  190-mile  inland  waterway  was  used  by  flatboats  70  feet 
long,  15  feet  wide,  and  capable  of  carrying  3O  to  kO   tons.   Connecticut  River 
cities  and  towns  bustled  with  industrial  activity,  engendered  by  inexpensive 
transportati  on . 


350 

With  the  advent  of  steam  power,  steamboats  were  placed  in  river  service,  but 
the  locks  were  too  small  and  the  river  depths  too  shallow  to  accommodate  them. 
Conditions  coon  dictated  tlie  use  of  steamers  as  relaj^  carriers  shuttling  "between 
locks,  were  freight  v/as  unloaded  and  reloaded.   Tlie  toilsome  and  time-consuming 
procedure,  earlier  applied  to  flathoat  methods,  had  reappeared. 

Although  schemes  were  developed  for  the  improvement  of  the  Connecticut  waterwey, 
the  rapid  expansion  of  railroad  systems  made  competition  seem  hopeless.   The 
stampede  of  railroad  extension  cast  a  shadow,  still  remaining,  upon  navigation 
in  the  river. 

Today  the  only  type  of  transportation  on  the  upper  river  is  a  small  amount  of 
log-driving,  and  an  indication  of  the  volmie  of  traffic  on  the  lower  river  (the 
most  favorable  section  for  river  freight)  is  that  in  I936  only  12  pleasure  boats 
and  no  commercial  vessels  passed  through  Windsor  Locks, 

The  Windsor  Locks,  constructed  about  I83O,  permit  passage  around  Enfield  Rapids. 
The  rapids  are  nearly  10   miles  from  Long  Island  Sound  and  the  next  water  fall  is 
at  Holyoke,  Massachusetts,  S6  miles  from  the  ocean.   However,  the  limitations 
now  imposed -upon  the  size  of  freighters  by  the  lock  dimensions  and  shallow  chan- 
nel (contr-olliniT  depth  2  feet  at  mean  low  water)  prevents  commercial  use  of  the 
3U  miles  from  Hartford  to  Holyoke.  According  to  the  Aray  Engineers  "the  locks 
provided  are  19.5  ^^'   wide  7;ith  about  77  ft.  of  usable  length  and  have  3  feet 
over  the  lower  miter  sill  at  low  water." 

Below  Hartford  tha  river  'is  tidal  for  the  52  miles  to  the  ocean.   In  this  sec- 
tion the  freight  handled  in  I936  amounted  to  l,07l-l-,388  tons,  nearly  twice  the 
amount  ten  years  a-'7;o.   The  predominating  commodity,  formerly  coal,  is  now  pe- 
troleum. Under  authorization  of  the  Rivers  and  Harbors  Act  of  1935  th-e  channel 
from  the  sea  to  Hartford,'  at  the  head  of  commercial  navigation,  has  been  dredged 
15  feet  deep  and  I5O  feet  wide,  and  training  works  have  been  constructed.   The 
channel "will  be  maintained  at  project  deptn  by  removing  shoals  caused  by  spring 
freshets. 

The  Engineers  and  local  citizens  have  given  serious  consideration  to  possible  ■ 
extension  of  commercial  navigation  beyond  Hartford  to  Holyoke,  Massachusetts    - 
(3U  miles).  In  I93O  Congress  authorized  $1,000,000  for  a  12-foot  channel  between 
these  cities,  to  be  secured  by  constructing  a  dam  and  locks  near  Hai-oford;  by 
lengthening  the  locks  arotuid  Enfield  Rapids:  etnd  by  dredging.   Con? tiii.ction  was 
not  to  begin  until  local  money  was  put  up  to  build  a  satisfactory  dam  and  locks 
at  Enfield  Rapids,  and  until  other  minor  iraprovements  7/ere  assured.   Changes  in 
the  New  ErigliUid  power  market,  since  1^28 ,  I'lave  reuclered  power  plant  construction 
at  Enfield  R-'.pids  a  fins^ieially  dubious  pro:oosition  until  pes-k-pc/er  demands 
again  exceed  existing  plant  capacities.   Cat-eful  estimates  of  potential  anntial 
, tonnage  and  benefits  from  such  improvement  have  been  prepared  for  use  in  justi- 
fying the  cost  of  the  necessary  works.  Now  a  study  of  construction  costs  and 
power  vali-ies  is  being  made. 
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Erosion  Soil  erosion  in  the  "basin  within  the   State  of  Connecticut  is 

confined  to  moderate    slieet  erosion  affecting  less  than  one-tenth  of  the  total 
area.      The  only  two  lai'ge  areas  are  along  the  Coginchaug  Hiver   south  and 
west  of  Middletov/n  and  on  the  inner  rim  of  the   Connecticat  valley,  a  few 
miles  east  of  Tlionjpsonville  ajid  Windsor  Locks. 

In  liassacinisetts  there  is  evidence  of  several  different  types  of  erosion, 

affecting  a  total  of  about   ten  percent  of  the  Gon:ieoticut  basin  in  the 

state.      There  are  areas  of  moderate   sheet  erosion  vitn  occasional  gullying 
in  Westfield  and  Southwick,    and  in  Becket;   along  th3  railroad  line   oetween 
Greenfield  and  Hatfield  there  is  a  long  narrow  area  of  moderate   sheet  and 
slight  wind  ero.sion;   and  in  the  western  part  of  the  bs,sin  several  small 
sections  have  heen  attrcjred  by  moderate   sheet  erosion.     Early  stages  of 
sheet  erosion  and  gullying  occur  throughout  the  northern  Massachusetts  portion 
of  the  basin.  ■■ 

Tlie  New  Hampsldre  lands  tributary''  to  Connecticut  River  waters  are  free  from 
erosion  problems,   except  along  the  banks  of  the  main  river  and  larger  feeders, 
where  there  is  evidence  of  slight   sheet  erosion  in  several  localities. 

Altho-ugh  erosion  has  affected  less  than  ten  percent  of  the  land  in  the 
Vermont   section  of  the  watershed,    in  most  places  v.'here  it  does  occur  it  has 
reached  a  fairly  advanced  stage.      In  southern  Vermont  scattered  areas  af- 
fected show  EC  derate   sheet  erosion,   while  in  two  instances,    in  Weston  and 
Windham,   occnsional  gull.ying  is  manifest   also.      In  central  and  northern 
Vermont  thert:  are  narrow,    scattered  areas  along  stream  banks  where   slight 
sheet  erosiov.  cs-id.  occasional  gullying  is  found.     On  the  Second  Branch  of 
the  White  Elver   there  is  a  fairly  large  area  of  moderate  sheet   erosion  and 
occasional  gullying. 

Stream  bank  erosion  has  been  the   source  of  material  losses  in  the   Connecticut 
valley.     Fast   currents  coincident  with  high  water  stages,   wave  action,    and 
occasionally  ice  tesir  away  the  banks  above  the  low-water  level.      At  some 
points  the  river  undermines  the  baiLks  by  erosion  below  the  lovf-water  mark.-    ■ 
During  the  time  between  flood  stages  vegetation  grasps,  the  ppportxmity  to 
establish  itself  upon  the  banks.      If.  sufficient  time  elapses  this  vegetation    < 
becomes  a  heavy  growth  of  trees  and  large  bushes  vhich  resists  river  currents. 
Such  natural  protection  had  grov.Ti  along  the  Connecticut  banks  prior  to  the 
1927  flood.      But,    in  manv  places,   this  flood  over-po\?erod  the  growth  and 
caused  extensive  bank  erosion.     Once  protection  is  lost,    subsequent  hi^ 
waters  continue  to  carry  a.way  bank  materiel.     The  rec^afrence  in  1935  of  an 
even  greater  flood  stage  swept  awoy  more  bank  vegetal. i=n  aiid  damaged  the 
shores.     Even  though  e-coptior.al  floods  are  not  rc-oeated,    at  least  one  or 
two  decades  v.-ill  be  required  for  Nature  to  replace   the  protection  recently 
wiped  out. 

Tlae  undermining  of  river  banks  frequently  occui's  when  a  de^  channel  lies 
near  the  concave  side  of  river  bends.      Trro  examples  of  tlds  on  the  Connecticut 
are  at  Hadley  and  Northampton,  Massachusetts.      According  to  the  Army  Engin- 
eers,  periodic  observations  at  these  points  indicate  the  maximum  rates  of 
erosion  to  be,   respectively,   13  and  12  feet  per  year. 

Protective  works  often  serve  to  prevent  the  flooding  of  low  areas,    as  well  as 
to   check  tank  erosion.      In  the  half  century  prior  to  1935  over  $900,000 
had  been  spent  for  protection  along  the  Connecticut   in  Mas sacliu setts.     Many 
of  the  Massacltusetts  towns  above   Springfield  proxjosed,    in  1934,    new  bank 
protection  works  or  extensions  of  existing  works.      In  1935  Army  Engineers 


stated  that  the  problems  in  Montague,    Sunderland,   Northfield  and  South 
Hadley  appeared  to  be   so  great  as  to  merit  early  attention.      Bank  protection 
is  needed  also  at  A^wam,   Hadley,    Hatfield,  Holyoke,   Northampton  and 
Whately,   Massaclmsetts,   and  at  the  outlet  of  the  Wiiite  Eiver  in  Hartford, 
Vermont . 

Drainai°g  Except  for  tl- e  extfensive  tidal  marshes  along  the  Connecticut 

estuary,    the  only  swamps  are  tKose  at   the  headwaters  of  the  major   stream 
and  its  tributaries.      There  are  occasional  fresh-water  swamps  in  the   southern 
portion  of  the  basin.      Throiogjiout   central  and  northern  New  Hampshire  and 
northern  Vermont  there  are   small  swamps,    which  usually  constitute  the   sources 
of  streams.     Long,   narrow,   swampy  valleys  clmracterize   the  basin  in  CJpjiada 
and  ;thc  .6:cir«§iac  northern. -part  of  New  Hampshire.     About  fifteen  years  ago 
consideration  was  given  to  drainage  problems  in  the  Massachusetts  part  of 
the  valley,   particularly  at  Greenfield,   Deerfield  and  Brookfield.      However, 
there  are  now  no  drainage  problems  in  the  Connecticut  basin  other  than  those 
of  local  significance  for  mosquito  elimination  or  reclamation  of  residential 
land. 

Recreation  Hxmting,    fishing  and  other  forms  of   commercial 

recreation  provide  pert- time  sources  of  income  for  many  Connecticut  Valley 
citizens.      The  Connecticut  Hiver  headwaters  and  triiiutaij  lakes,   ponds,    and 
streams  entice  hordes  of  sportsmen,    sightseers,   and  vacationists,  but  the 
natural  attractions  of  the  main  river  cemnot  be  fully  utilized  because  the 
main  stream  is  used  to   such  extent  for  industries  said  for  waste  disposal. 

The  sapping  of  recreational  values  which  occurs  when  a  picttiresque  brook  or 
river  is  overloaded  vath  domestic  and  industrial  wastes  has  been  experienced 
on  several  Connecticut  River  tributaries.      The   intensity  of  commercial  rec- 
reation in  all  parts  of  the  basin  has  already  prompted  serious   consideration 
of   such  damage  to  r  ecreational  values,    and  some  improvement,  although 
spotty  in  character,   has  been  achieved.     Proper  sanitary  conditions  in  the 
streams  will  prove  an  economic  benefit  in  the   commercial  recreation  areas 
and  also  in  the  industrialized  southern  section  of  the  basin.      In  the  first 
instance,  scenic  playgrounds  must  be  reasonably  clean  to  attract  visitors; 
in  the  latter  instance,    satisfactory  opportunities  for  recreative  activity 
near  large  population  centers  depend  primarily  on  their  proximity  to    clean. 
ponds,    irtkssor   streams. 

The  wildlife  population  in  the  northern  section  of   the  basin  requires  only 
a  normal  siraount  of   supervision  and  protection  to   avoid  excessive  depletion, 
but  in  the  more  densely  occupied  southern  section  every  opportunity  to  foster 
and  preserve  wildlife   should  be  grasped.     Except  for  extensive  hunting  and 
fishing  and  for  normal  suburban  expansion,    there  are,   at  present,   no  ' 
indications  of  developments  which  will,    in  appreciable   degree,   affect  wUdlife 
anywhere  in  the  basin. 
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TABLE  III-E 
SUlylMAEY  OF  STREM  FLOW  RECORDS  -  COMECTICUT  BASIN 


Drainage 
•Area-   - 

Number 
•  Years 

Dischar^ 

i^e  in  Cubic  Feet 

per  Second 

Location  of  Station 

Square 

of 

Max. 

Min. 

Mean 

feak  Plow 

Miles 

Record 

Day 

Day 

Annual 

Connecticut  River 

at  Pittsburgh,  N.H. 

82 

19 

3,620 

28 

208 

3.620 

at  No.  Stratford.  N.H. 

798 

6 

28.000 

5u 

1,600 

28,400 

near  Dalton,  N.H. 

1,538 

2 

U6.5OO 

230 

3.150 

48,300 

at  Waterford,  Vt. 

1,600 

9 

U6,500 

155 

3.070 
4,990 

48.300 

at  So.  Newbury,  Vt. 

2,830 

17 

76.500 

198 

77.800 

at  Orford,  N.H. 

3,100 

21(a) 

56,000 

288 

5.460 

57.300 

at  Tthite  River  Junction, 

Vt. 

^,070 

25 

129,000 

540 

7,300 

148,000 

at  Turners  Falls,  Mass. 

7,iUo 

21 

206,000 

128 

11,610 

210,000 

at  Montague  City,  Mass. 

7.840 

35 

233,000 

597 

13.530 

236,000 

at  Holyoke,  Mass. 

8,2SU 

19(b) 

240,100 

150 

12,100 

244,000 

at  Thompsonville,  Conn. 

9.637 

8 

278,000 

1,310 

15,440 

282,000 

Pass-ompsic  River 

at  Passumpsic,  Vt. 

423 

8 

15,400 

10 

733 

16,000 

.Moose  .River 

at  St.  Jolrmsbury,  Vt. 

112 

8 

4.950 

8 

218 

5.720 

White  River 

near  Bethel,  Vt. 

2Ul 

5 

8,500 

28 

467 

12,200 

at.W,  Hartford,  Vt. 

687 

20 

31,300 

39 

l,l4o 

l^KJ.OuO 

Mascoma  River 

at  Mascoma,  N.H. 

153 

13 

5.090 

1.1 

203 

5.650 

Ottauquechee  River 

at  No.  Hartland,  Vt. 

221 

6 

13.300 

3 

380 

30.4uO 

Sugar  River 

at  W.  Claremont,  N.H. 

Black  River 

at  No,  Springfield,  Vt, 


270        8      11,200      6.5    343    14,000 

158      7     10,100    11     266   14,700 


(a)  this  station  discontinued  in  I92I 

(b)  this  station  discontinued  in  1899 
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SmiviAET  CT  STREAM  FL9W  RECORDS  -  CCffi^IECTICUT  BASIN 


Drainage 
Area 

Number 
Years 

Dischar^ 

ce  in  Cut 

lie  Feet 

per  Secom 

Location  of  Station 

Square 
Miles 

of 
Record 

Max. 

Min. 
Day 

Mean 
Annual 

Peak  Flow 

West  River 

at  Ne^vfane,  Vt.  ' 

310 

12 

2U,000 

19 

573 

53,100 

Ashuelot  River 

near  Gilsum,  K.  H. 

71 

lU 

3.750 

1 

121 

U,Uco 

at  Hinsdale,  N.  E. 

.   U20 

2I+ 

16,500 

.1 

635 

18,000 

Otter  Brook 

near  Keene,  N.  H. 

U2 

13 

1,950 

2 

S7 

3,580 

South  Branch  of 

Ashuelot  River  at  Weth 
near  MarllDoro,  K.  E. 

.   37 

16 

2,070 

0 

60 

3,830 

Millers  River 

near  llnchendon,  Mass. 
at  Erving,  Mass. 

SO 
373 

19 
22 

U,7Uo 
1S,S00 

0 
0 

13s 
617 

n,530 
19,700 

Sip  Pond  Brook 

near  Winchendon,  Mass. 

19 

20 

1,080 

0.1 

29. 

S 

1,^30 

Priest  Brook 

near  Winchendon,  Mass. 

19 

19 

— 

0.1 

32. 

S 

i,sUo , 

East  Branch  of  Tully  River 
neax  Athol,  Mass. 

50 

20 

3,030 

0.2 

SU. 

5 

3,700 

Moss  Brook 

at  Wendell  Depot,  Mass. 

12 

20 

922 

O.S 

21. 

7 

1,300 

Deerfield  River 

at  Charlemont,    Ivlass.  362 

Ware  River 

at. Cold  Brook,  Mass.        98 
at  Gihlis  Crossing,  Mass.    199 

Chicopee  River 

at  Bircliam  Bend,   Mass.  703 

Swift  River 

at  West  Ware,  Mass.         1S6 

Qiaaboag  River 

at  Wust  Brirafield,   Mass.  I5I 


23 


21,700 


3,600 
9,890 


18,900 
6,850 
3,^10 


872         50,600 


150         6,000 

310         11,200 


0  959        20, Uoo 

8.5        29s         7,^90 
2.5        230         3,teo 
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SUIIMAHY  OP  STREAI'4  FLOW  RECOEDS  -  CONNECTICUT  BASIN 


Drainage 
Area 

Number 
Years 

Dischar^^e  in 

Cubic  Feet 

per  Second 

Location  of  Station 

Square 

of 

Max. 

Min. 

Mean 

Peak  Flow 

Ivliles 

Record 

Day 

Day 

Annual 

Westfield  River 

at  Knightville,  Mass. 

162 

27 

i3,Uoo 

u 

317 

25,700 

near  TTestfield,  Mass. 

U96 

22 

31.500 

9 

901 

1|8,?00 

Middle  Branch  -  at 

Ooss  Hei,-^hts,  Mass. 

53 

26 

i+,6io 

0 

103 

g.Uoo 

Westfield  Little  River 

near  Westfield,  Mass. 

1+S 

31 

3.790 

0 

9^^ 

6,100 

West  Branch  Westfield,. 

at  Huntington,  Mass.  . 

93.7 

1 

7.6UO 

s 

192 

14,1+00 

Scantic  River 

at  Broad  Brook,  Conn. 

Farraington  River 

near  New  Boston,  Mass. 
at  Riverton,  Conn, 
at  Tariffville,  Conn. 

Burlington  Brook 

near  Burlington,  Conn. 

Hockanum  River 

near  East  Hartford,  Conn. 

Salmon  River 

near  East  Hampton,  Conn. 


99 


93 
217 

569 

23 
7 

g 

U.l 

5 

75 

8 

105 

8 

1,5^0       17  113         1,620 


5,960  5.7  179  9,080 

12,800  17  3I+5  19,900 

20,300       12k  797  22,200 


25U  0.81  7.1  503 

1,290  1.2  10l|  15,300 

4,750  1  153  6,250 
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TABLE  IV 

SXPLAFiA-TORY  NOTES 

Concerning  the  table  of 

SELECTED  DATA  ON  DOMESTIC  AND  INDUSTRI.4i  WASTES 

IN  MUNICIPALITIES  HAVING  ORGANIZED  SEWEH  SYSTEMS 

Coluni.n  1.   Town  or  City.   Municipalities,  arranged  alphabetically, 

where  available  information  positively  indicated  the  existence  of  an 
organized  sewerage  system. 

Coliimn  2.   Population  193'^-   Entire  population  of  the  civil  division  as 
reported  by  the  1930  Census. 

Column  3.   Population  Served.   Best  available  estimate  of  the  persons  served 
by  an  organized  system. 

Column  k.      Discharge  in  thousand  gallons  per  day.   The  best  available 
estimate  of  the  volvone  of  sewage  discharged. 

Column  5-   Treatmerit.  Abbreviations,  noted  below,  indicate  the  type  of 
treatment  applied  to  the  domestic  wastes. 

Column  6.   Chief  sources  of  Industrial  Wastes.   The  industries  which  com- 
monly pollute  streams  are  indicated  by  concise  reference  to  the  type  of 
plant,  product  or  x-aw  material. 

Symbols 

—  No  information  available 

(P)  Partial 

(s)  Summer  resort. 

(S)  .State  Institution 

(U)  College  or  University 

Various  Several  industries  present  v/ith  none  clearly,  predominant. 

Milk  Refers  to  pasteurizing,  ice  croam  and  dairy  plants. 

Fart.  Fertilizer  factory. 

Oil  Petroleum  products;  storage  or  distribution  plants. 

Gas  IllTominating  gas  manufacturing  plant. 

Cannery  Includes  fish  packing. 


Im.  Imhoff  Tank 

Sp.  Septic  Tank 

SF.  Sand  filtration. 

F.  Filtration. 

CP.  Cesspool 

SI.  Sludge  treatment. 

AcSl.  Activated  sludgo  plant. 


A.  Aeration. 

Cl.  Chlorination 

St.  Settling 

Sc.  Screening  (fine) 

Br.  Barging  sludge  to  sea. 

Sm.  Sedimentation 

Ir.  Irrigation 


SOURCES  OP  DJEOPIylATION 

Unpublisiied  Data,  State  Planning  Boards 
Unpublished  Data,  State  Health  Departments 
Annual  Reports,  State  Health  Departments 
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TA3LE   IV-E 
SELECTED  DATA  ON  DOMESTIC  Al^ID  II©USTRIiUL  WASTES 
IN  I^JNICIPALITIES  HAVING  ORGANIZED   SEWER   SYSTEMS 
CONNECTICUT  BASI N 


Domestic  Sewage 

Discharge 

Industrial. 

Population 

thous. 

Wastes 

Town  or  City 

1930 

Served 

gal /day 

Treatment 

Chief  Sources 

Eethlehera,  N.H.  ( s"! 

•  872 

8000 

20 

none 



Chru'lestown 

1644 

653 

46 

none 

— . 

Clarenont 

12377 

4000 

840  ■ 

none 

— 

Colel)rook 

1937 

1500 

~ 

none 

— 

H,n:-:.over 

3043 

4500  (U.) 

643  ■ 

none 



Haverhill 

3655 

2200 

656  ■ 

none 



Hinsdale 

1757 

.^ 

.^ 

none 

— 

Keene 

13794 

10000 

920 

I;m  . 

— 

Lar.car.ter 

2887 

2000 

208 

none 

— 

LeoDjion 

7073 

5000 

400   ' 

none 



Lisbon 

2324" 

1500 

150 

none 

— 

Littleton 

4558 

3000 

500 

none  '- 



NcTTport 

4659 

4500 

562|- 
207-1 

none 

— 

Northumberland 

2350 

150G 

none 

Stratford 

918 

500- 

-._ 

none 



Walpole 

2287 

1000 

18 

none 



Whitefield 

1593 

1500- 

127| 

none 

— 

Barnet,  Vermont 

25C4 

88 

— 

none 

Milk 

Bethel 

1650 

550 



none 

Milk 

Bradford 

1237 

300 

— 

none 

Milk 

Brattleboro 

9816 

9000 

900 

none 

Milk 

Burke 

1016 

140 



none 

— 

Canaan 

906 

422 

u- 

none 

— 

Danville 

1600 

30 

— 

none 

Milk 

Fairlee 

455 

80 

w~ 

none 

Milk 

Guildhall 

351 

40 



none 

— 

Hartford 

4888 

2865 

200 

none 

Woolens 

Ludlow 

23(^5 

2100 

— 

none 

Woolens 

Lunenbcr^ 

1400 

1000 

— 

none 

Paper 

Lyndon 

3285 

1200 

— 

none 

Milk 

Ner;bury 

1744 

420 

— 

none 

Paper 

Norivich 

1371 

67 

-m* 

none 

— 

Rpjidolph 

3166 

1900 

.^ 

none 

— 

ReadsDoro 

1043 

300 

none 

-~ 

Rochester 

1285 

250 



none 

Milk 

Rockingham 

5302 

3250 

300 

none 

Paper  and  Milk 

Ro:ralton 

1491 

41C 

_~ 

none 

— 

St.  Johnsbury 

9696 

5000 

600 

none 

Gas 

Springfield 

6955 

4000 

400 

none 

Woolens 

Tonbridge 

903 

35 

rr- 

none 



UilETington 

1171 

400 



none 



Windsor 

4359 

3000 

300 

none 

— 

Woodstock 

2457 

1500 

-_ 

none 
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ComiECTICUT  BASIN  (cont'd) 


Domest 

ic  Sewa£:e 

Population 

Discharge 

Industrial 

No.  of 

thous. 

Wastes 

Town  or 

City 

1930 

Services 

gal /day 

Treatment 

Chief  Sources 

Amherst,  Mass. 

5883 

__ 

-- 

Sm. 

__ 

Athol 

10677- 

— 

470  

"none 

Artificial 
leather 

Chicopee 

43930 

■  — 



none 

Rubher 

Deerfield 

2882 

_„ 

13 

none  (l) 



Easthampton 

11323 

1268 

569 

Sm.  SF. 



Gardner 

19399 

2560 

880 

Sd.SP. 

Stoves 

Greenfield 

15500 

1382 

none 

— 

Hardwick 

2460 

_ 

5 

none 

Pulp 

Hatfield 

2476 

— 



none 

Holyoke 

56537 



7365 

-  none 



Hiintington 

1242 

-^ 

— . 

none 

Clothing 

Longmeadow 

4437 

—  " 

■212 

none 

— 

Ludlow 

8876 

_ 

325 

none 

Woolens 

Montagae 

8081 

— 

700 

none 

— 

Northampton 

24381 



-_ 

none 



North  Brookfie 

:li 

3013 



— 

F.Ir. 

Euhher  Goods 

Orange 

5365 

— 

23 

none 

Metal  Goods 

Palmer 

9577 

— 

19 

none 

Wire,  Milk, 
Textiles 

South  Hadley 

6773 

— 

— 

none 



Spencer 

6272 





SF. 

Shoes 

Springfield 

149,  900 



14000 

none 

Plastics 

Ware 

7385 

— 

-> 

none 

Textiles- 

Westfield 

19775 

— 

1693 

none 

Various 

West  Springfie 

Id 

16e84 



1806 

none 

Paper 

Winchendon 

6202 

448  ■' 

17 

Sm.SF. 

Textiles 

(1)  Treatment  plant  under  construction. 
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COmiECTICUT  3ASIM    (cont'd) 


Dorai 

3 Stic  Sewa,-e 

Discharge 

Industrial 

Popul 

ation 

thous. 

Wastes 

Town  or  City 

1930 

Served 

gal/day  Treatment 

Chief  Soxirces 

Avon,  Connecticut 

1738 

80 

8 

Sp.SF. 



Bristol 

28451 

20000 

1600 

SF. 

Metals 

East  Hartford 

17125 

13000 

1300 

none 

Airplane  parts 

Enfield 

13404 

9000 

900 

none  (1) 

Woolens 

Farmington 

4548 

1115 

200 

none 

Paper 

Gvaiiby 

1388 

60 

6 

Sv. 

— 

Hartford 

164,072 

170,500 

20000 

none  (l) 

Various' 

Manchester 

21973 

19000 

2400 

Sp.Sra.Sl. 

Paper  and  Silks 

Middletown 

24554 

25500 

1900 

Ira.  SI. 20^ 
(1) 

Various 

New  Britain 

58128 

55000 

5500 

Sc.F.Sl. 

Various 

Newington 

4572 

600 

50 

Ira.Sl.SP. 

Plumhing  Supplies 

Portland 

3930 

2000 

200 

none 

Oils 

Rocky  Hill 

2021 

70 

7 

Im.Sl. 

Silks 

Si  ms bury 

3625 

1900 

190 

Sra. S?.S1. 

— 

Verno  n 

8703 

8f)00 

2100 

Sc.  Sin.  SI. 

Woolens  and  Gas 

West  Hartford 

24941 

23000 

3000 

none  (2) 

— 

Wethersfield 

7512  . 

4500 

450 

Sp.  8Gfo 

— 

Windsor 

8290 

4500 

450 

none 

Paper 

'Yindsor  Locks 

4073 

3000 

300 

none 

Paper  and  Cotton 

(1)  Treatment  plant  under   construction, 
Sm.F.Sl. 

(2)  Constructing  outlet   for  discharge 
into  Hartford   system. 


Plainville 


6,301 


2U0 


2k 


Sp.SF 


Plating  &  electrics 
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EXPLANATOEY  NOTES 

concerning  tables  of  the 

ORGANIZED  WATEK  SUPPLY  SYSTEMS 


Column  1.  Town  or  city.  Municipalities,  arranged  alphabet ically,  where 
available  information  indicates  the  existence  of  an  organized 
public  or  semi-public  water  supply  system. 

Column  2,   Population  1930.  Entire  population  of  the  civil  division  as 
reported  by  the  1930  census. 


Column  3. 


Population  Served.   Best  available  estimate  of  the  persons 
served  by  an  organized  system  (as  for  the  year  1936). 


Column  4, 


Consumption  in  thousand  gallons  per  day.   Best  available 
estimate  of  the  normal  daily  requirement. 


Colvunn  5,   Sources  of  supply.  The  type  of  source  drawn  from  is  indicated 
by  symbols:-  R.  for  Reservoir,  Pond  or  Lake;  W.  for  Wells, 
either  deep  or  shallow;  Spr.  for  Spring;  Str.  for  Streams. 

Column  6»   '"atershed  area  in  square  miles.  Best  available  estimate  of 
the  drainage  area  upon  which  the  water  supply  is  dependent. 

Colximn  7,  Capacity  in  millions  of  gallons.  Best  available  estimate  of 
the  quantity  of  water  stored  by,  or  immediately  available  to, 
the  municipal  supply. 

Column  8,   Type  of  Treatment.  Available  information  concerning  the 
methods  used  to  improve  the  quality  of  the  water  served. 


SYMBOLS 


(2),  etc.   Niimerals  enclosed  in  parentheses  indicate  the  number  of  separate 
water  supply  systems  which  serve  the  municipality.  Wh.ere  there 
is  only  one  system  no  symbol  is  necessary. 

(S)        Includes  State  institution 

(T^         Includes  Summer  population  served 

(U)         Includes  College  or  School 

(s)         ?r  ^vi -'.es  Summ.er  service  only 

(a),  (b),  etc.  Letters  enclosed  in  parentheses  link  civil  divisions  served 
by  the  same  water  source;- 

In  column  3  and  4  they  link  municipalities  where  available  in- 
formation does  not  give  the  number  served  in  each  town. 
In  column  5  letter  indicates  that  the  civil  division  imports 
water. 

In  column  6  and  7  letter  indicates  that  the  civil  division  ex- 
ports water. 

Letters  link  maixiicipalities  within  one  state  and  basin; 
cross-references  between  basins  or  states  appear  in  footnotes. 
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Symbols  (continued) 


A. 

Aeration 

K. 

Activated  carbon 

Al. 

Altua 

L. 

Lime 

AlSl. 

Aluminum  svJ.;phate 

MF. 

Mechanical  filter 

Am. 

Ammonia 

PF. 

Pressure  filter 

AinSl. 

Ammonium  sult)hate 

pH. 

Correction  of  reaction 

AS. 

Alum  -  Soda  Ash 

EF. 

Rapid  filter 

CO. 

Corrosive  correction 

s. 

Soda  ash 

CI. 

Chlorine 

SF. 

Slow  filter 

Co. 

CoaOTlation 

Sm. 

Sedimentation 

CaSl. 

Copper  sulphite 

SoCl. 

Sodium  hypochlorite 

I. 

Filter 

St. 

Storage  of  protective 

IE. 

Iron  remo\ral 

significance. 

soTJiiCES  OF  ii:fopjmtioit 

Unpublished  Data,  State  Planning  Boards 
Unpublibhed  Data,  State  Health  Departments 
Annual  Reports,  State  Health  Departments 
Annual  Reports,  Public  Utilities  Commissions 


362 


^ 


o  ^   i  fe    IS 


I        t        t        I        I        t        I        I        I      rH      I        I        ! 

I    I    I    i    {    I     I    I    I  o    I    I    i 


f^-^"^ 


I  I 


i 

OJ  o 


I       I       I    ^'^.      1 


1       i 


!  i 


w'  f^  rt 


PI  <*  rt 


•       •    °8   W    <:*       • 
to    W     ^,  (h   W     ^1    CO 


.pi,  +3     -P 

fn  W  t/J  CO 


+5     ft   P,  -1-=     P  +:>     p^  4J  Pi    P.  -P 

vi  in  m  cowcoioco       wcoco 


u:^oooTOOo    i  lr^ooou^^oooooou3-=^ooov£)lr^^-lr^I  oo 
o  TO  t^  r^  o  o    I  ai  o  rH  ai      o  iaj  >-  oj  o  r—  oj  u->  o  H  i^      t^  i--  r^\  I  o  r— 


O  O  O  O  LO.  O  O 
O  O  O  O  CM  O  O 
iH   into   h-^rH   O   LO, 


OOOOOOOJOOOOOOOOO 


O  O  O    I    o  o 


H   rH  O   H 


I^  OJ   r—  rH    lO 


o  o 


r--r^oj  rH^uD  L^^r^c^, CO  r—  c\j  inmo  r^ lpvu?  r~- \r\^  h ^  ctvus yo 


ro  r  J  r^  CO  ^ 


> 


+^     Pi     O  -H  r-l     O     O 


Q) 

(ij 

r-l 

p 

f^ 

c^ 

(^ 

iH 

C) 

,o 

>l) 

C) 

^ 

r-Cj 

13 

Jh 

o 

« 

O 

fl 

^ 

"S 

o 

rn 

m 

o 

t  ) 

o 

o 

CI 

W  fin 

o 


W}r-I    -P    Tj 
H     O     <T     ^H 

rJ  -H  +>  o 


ri   d  4i  p  f>s  N 
.     _  _         '"p.p+3.rHD;cja1fHs:!>s 

ci    {>    ^  r+H    C!    pi  ^    M  +3    a    ^H    &    E--    fn  +^    I'j    1)    fH    q    H    ^^    t' 
d    iti   -H     O    o     d    O   -H   -H    ^   W    O     O     O  -iH   rH   +-■■   -P    P    f:!     &    ^^ 


363 


ft  d 
!>3  o 


%    I 


I  I  I  I  I  I  !  1  a  I  §! ifei J 


o  8) 

O    0 


I      I 


I      J      I 


I  I 


i  !  i  i  !      i  i  ! 


i  {  } 


^     ^• 


O    Vl     P-i 


CO   ^; 


ft  ft  Ph  a  <i    p^ 

(o  in  lo  t/D        to 


fn    ^1   ft,    (h   Pi 


5v2 


O    I      t 

8  '  ' 


!  !  ! 


I  o  nj  r--o  iH    I    I 
I   cu  o       o  ur\  I    I 
r-i  r^       U\:t 


O    <D 


C\JVD^   O  CJ   CM   I^K^rM  rH 


t^^O^OOOL^^OO^-00 

cMLTvoootocnmr-iLOirHao 
CP>  r-"^  CM  cr>  ro  r\j  c\j  MD  VD  1^  iH 


to  o^ 


'5  "S  LP)"^  ^  U)  O  VX)  H  00  LPi  in  J-  i-IO>ODf-^mOJ.-lvnmaiN^r-jrr\ 

SvS'm  S  ^'^^9.  ^'Si^  R^^  P-cyvioiPto  o  o^^tnino  RiS^ 
.    .    ;    .  cr\UD  MD  ^  t^-^  CO  KMM  h-  ^'-^vD  h  o  oi  r^  j-  md  cr\  o  m  m  k\ 


CTi 

invn 


^  oj  ^'-^r^  rH 


^-^         .     CVI 


P  O     Q) 


^-^  C-J         >^        '-^  CM  C\J 

(B  r-j    (D  .ri    o    ^    f:!    C"o    S  M 
+^    -H    r-1    --d   tM     O     O     d    .H    ^     O 


rf   id  fl  2  d  .H  .A  u  "iJ  cl  > 
^<    ^j    d  ^    c3    0?    pi    d    d    5,  0) 


r^  i-a    C  Ch    ^* 


-P  ,5    S  'd  xJ 


CD    O    o    O  -P    p< 

ft;  pci  Pi  rt  w  to 


i^^^i 


364 


HC- 

•Ci 

e 

<u    • 

a  o 

i4d 

rl     .   d 

c!     ■ 

a     •    C 

p;    • 

a 

ri  o   fij 

rt  (n 

rt    C3     C 

C    Ci 

s:) 

C    rt    ri     •     • 
1     o    q    q    e  Crj 


i-f^  ir>  r^  CO 
^  CM  M 
C\J        OJ 


tov.o 
I      •     •    I 


Ir-HI        {        1        I>vd}        I'oCMIrH'ir'^rH 


•  !.^  1 


i  !  IaI  i5. 


o    ft        ^-^ 


Pi 


ft  p, 

CO    CO    W 

pi  ^x^   '-^ 
ID 

(A 


^^^^  OT      •   CO 


^-  1--  1 


1   LfM'  ,r--a>,  I 


O.J-  O  O  O     I 

t  -^  r—  cvi  o  Ol    i 


o  r--  I  o  r^ 


OrHrHC\j>vDi-^r^r^a>  r^\-=t  o  cm  o  ^J3  >-  (M  ^-U3 
r'^  o\^  u^  H  '^o  r^  cr.  r^  CO  cm  oi  cm  u3  jri  >o  ^-  o  to  vj3  r—  r<^ut  r^>  r^ 
ur^rH  60  lof-otoJ-  cnKMnto  a^r^r^p.i  r^  ^t\u^  uAua  ^  j-  ita  cm  J-  lo 

r^  r'->  rH        rH  r^  r-H        c\j       rH  r^  1-^  L)^  in  cm  co  cvvd  h  ^  co 


_^CM 

■H 

rf 

g 

o 

■rJ 

+^ 

K>  d 

^^ 

o 

o 

+=  Tri  H 

Fi 

o 

fd 

O 

-p 

+= 

M     ^ 

0 

o 

0) 

! 

r-i 

o 

fn 

-n  o 

s 

^1 

Q) 

« 

0) 

u 

1 

o 

t-> 

(D 

fe^ 

Vi 

0) 

<D 

ft 

•H 

•H 

p) 

i-q 

W 

o 

O  ,i:l 

jy 

+3 

O 

«J 

Ch 

^ 

ri 

^ 

^H 

O 

fi  fi 

o 

1 

U) 

o 

f-1 

g 

fn 

4^ 

-p 

^ 

rH 

U      Lti 

o 

0 

d 

(D 

M 

0^ 

V 

% 

(D 

<D    r-t 

Si 

X2 

^ 

^ 

o 

j9 

0 

I'j 

id 

ri 

h 

pq 

m  m  w 

n  o 

o 

o 

o 

tb 

o 

r-1 

M 

W 

m 

ci 

.^^               O     rH      fl) 

oil  c2 

t(-l      t>5-H      0)     ^ 

d  11  & 

0)     rH     rd    tH      >, 

(D    T:)     ;h    +=    rH 

ci)  W  W  W  W 

W  e-^  H^ 

365 


!|^ 


K   fe 


Eh    ^1 


QOOrH      I       OOrH      IrHrHO      I      QtHOSOOO 


g^ 


g     .  rH    g    g  Ph 
ri  i!  O    ri    H  to 


ffl  m  m  .H 
C!  ri  f:^  ^< 
o   g   q  ^1 


O  f-- J-  U^^OJCTNlrHJ-'oj}       jj- 


o 
inr-    *    {    j 


LTMO 
I      j    O   M^     1 


1^1      i^ 


:^   ^ 


•  rt     • 

^1          U 

!>^ 

Pi°8    P-. 

Ui 

& 

<«      fH     <■« 

-i 

en 

(1)              « 

^ 

!3 

i^S 

^ 

•^  -^ 
rt  rt 

rt 

I    O  LO,    I 
I     Ol  (50     I 


"8  P4 

pi 


U3  ISO  vr>  o  cr»  i 

1-^  CO*sD 


I   oj  tjO  o  ^'^0 


O  rH^ 


I    t--  IjO  O     J  ^  r—  UM^^ 

I  r-t  r—^o    I   c\j  r-^  r—  ro 
iH  mcTv      r-i  o  r<~\c\j 


I  ^  ir^  t   OMMVDvxi  1 
1  to  c\j    1   iTAr-  r^ro.( 


r-i  <-\  r^\0JOcrMrMO  lo^  lt^  j-  "^  en  h  oj  u^    - 
■     :    —  ■-    —  -    -      -    ---.  tio>5 

CO  CTiO  i^to  o  i-^ir%U)  c\j  J-  Lr\cri^  r^  o)  o^r^  i^r^ojuD  r—  r<-^^^  h-to  oj^  r-i 


60^   iH   r^UACTi 


r-i>^vD  (TirH  r— i^iH^D  cr\ 


n) 

4J 

y 

Vi 

rt 

(Tl 

Ti 

a 

m 

^1 

^^ 

r0 

& 

^ 

^ 

OJ 

rt 

-i 

S 

-i 

^ 

.C 

h 

o 

i^ 

{/J 

t/j 

w 

w 

Vi 

1^ 


"SI 


•H     tJ      (!J      fn    +5     +2     40     ^J     4J    ^ 

ft  3  rf   S  0)  ,cD   e 

CO  OT   ^  ^  ts   t=   tS 


.H   rH    rt    in    OJ 


366 


^ 

g 

rt 

H 

W 

Eh 

tsi 

M 

B 

§ 

1— 1 

ci 

o 

a 

•••V5- 

^^ 

^ 

o  o 

J-     . 

iH,rH 

•    rH 

H 

rH    rH 

m 

O 

o  o 

V"" 

^<^            •<  i. 

G"^ 

\i^OA 

r-     v<^-  in 

in  r^ 

r-cr. 

.             r^       ca  c\j  to 

1^1 

•  to 

^     • 

Pq  fn   (D                v-o  r^ 

Q) 

K 

2 

o     • 

O 

Pr 

P4   P 

J    fii 

d 

c! 

^.M 

i:: 

•  w 

3^ 

5     OrHiHr-liHrHrH 

§^<l 

o 

O 

r-H 

5   (i!c;:>ooooo 

!=!   -a! 

fj 

-ai 

fj 

o 

o 

O  -=i 

C\J   tH 


•H 

^ 

.  0 

LPvO  ^-^ 

UD 

r^           v_r 

^ 

o 

to 

PH 

1     1 

1 

1 

1 

1       • 

1 

1          1 

1 

ft 

1 

1     1 

O 

{ 

1 

"t^rH 

r- 

1 

1     CM 

1 

t^CTv          rH 

;>— 

I     rHJ- 

CVI 

1 

. 

rH 

rH 

CTi 

r^ 

j=i-                t-~ 

O 

r^CJN 

rf 

V^ 

rH 

r^ 

K^ 

"OD   LT^ 

o 

's 

CM 

rH 

O    -rl 
O      Ui 

a 

t:^ 

a 

0) 

•H 

CD 

^-i 

M 

,o              nj 

O 

c    • 

^ 

rf 

s 

O     CO 

© 

I 

1     1 

60 

I 

1 

r^U3 

T-i^ 

I 

r-bo 

1 

OJ  r—  r^"?^  I 

CO 

I     rH    rH^ 

1 

O    ri 

^< 

fn 

1 

I     1 

I 

1 

I 

t        •       • 

t 

o 

(D 

3 

C" 

h- 

rH 

r-i    o 

rH         VD  to 

to 

r^O 

CM 

.    C3  ^^ 

+■' 

rH 

to 

i-f 

&-■ 

l^ 

t- 

^ 

1 
1 

S 

o   o 
o  o     • 

>5 

rH 

?^ 

^- 

i^ 

i 

I'^l 

O 

iH 

^ 

I    d 

"nJ^ 

'cj 

U3  ^ 

•   «H       •       • 

Vl 

•     '  ti 

CO     (D 

o 

p., 

rh-^ 

rt 

rt 

Pi 

^^ 

-^  o3 

Q 

rt-^    fH   p:J   {3 

"-'^•^ 

Pi 

f 

^.g-S 

pi 

%^"C 

^ 

Ph 

— 

^     • 

•   CO 

rt 

CPvrH^ 

o 

to 

to 

H^  rt 

rt 

O-'--     • 

w 

r<-^cri 

^ 

to  ^ 

ts 

rt 

ci 

^^ts 

I 

(D   CM  c8 

rf 

o 

t-- 

o    1     • 

i 


8 


,Lr\irMr\toto  u-^K^Lr^cM^  cm  o  ^--:d-  cm  o U3  oj 
■  ojr—       ir^toorH^ovn  ltvvx)  o  cta  rH  lt^       L^^ 

HJ-  rH  U3rH  ^rHKM^         Cr\         CTl 


LCAOOOOOOOoooooOLrvoooir>LC^ 

HHOOI^f^OOOOOLfMr>Or^rHOOOrH 
^r^mOrHLPirHLfM^COCMOOO^J-OJr^-rHCM 


-=t-   LOvO   O   r~-tO  CT^rH   ITMn 

rH  r^to  cr\U3  rH  to  r—  CM  i^ 

U3V£)  r^  rH    OJ   rH 


L^^O  o  o  o  Lr\o  o  o  o 

HOOOLTAKM^OOO 
OJ  O   O   Ln^    OJ   LTA  t^  LCMT^ 


rH   OJ   CM,-t 


O   O 


J-^tOJ-    CMI^rHOOrH 

O  Ln  OJ  r^  r^^  o  r—  ro  oj 

CM   LTAH  to   mVD   r<^0  C3^0 


r^^  r^to  .H 


O  O  ^-'    0) 


g     -.S'a^.s 


^1    ^1   OJ  ^^ 

O     Ov^'-- 


O     U     O   •!-{     f- 


OJ  -P  t:!  fJ  --^ 

H  ^^  fH  P!  O 

1  d  -H  -P  Td 

;    C  W  t3  f<PrH 

:    Ci 


•rl      fl      ri      O      O      h      Ol      U5    rH    Cy 


c;  o  S)  o 

O     X   -H   +J   ,Q  Ch 
H    -H     0)     E     CO     fi 


o  ^ 

!H  O 

f.      d      d     f-r    rO  f^ 

uj     l-i    r-{     u     C5     'X>  ti 

Fi]  p'l  ei  e  w  w  ^3 


+^-P     O     ;HrH^'Ci-H 
•H     ^,    +^    ^    .H    H^     d    W 

fH   03    ttO  t>s  >    p!    n 

■H  CO  -ri  a  +=  if 

0)     <D     ai    rH    rH    rH     O     q 


\,^ 


367 


0    O    rH        . 
Q      J    O    Ph 

(^  -a^  to 


^i    fe 


.-1    i-l    r-l    M        .        •    rH        .    rH 


I  1 


5 


^^ 


^   rH  rH   rH 


'  ,^ —  — 


u  --> 


ur\o\o  r^ o  o  Li"Mr\ o  oj 


o 


O  IC\      oooooooooo 
O  rj       L^^  o  O  O  O  o  O  O  O  O 

CO  V.O  C\!  H  V.O   CVI   CM  O   O   O   rH   O 


'T\W  to  bO  r^ 


rH  LTi  r—  invn  ^  i-^  rH  C\j  ^  o  r^^ 

CO  ru  rH  r-^n-  vD  o  -*  i-i  r—  CTi  r- 

r^>-D  CTiLTM^  O  r—  CTv  IX^VO   CM  O 

cm"  k"  rH  OS^  rH  to  ^"  r-^  to  lo"^" 


N_^  rd 


II 

t:     rH    rri      _^      a 

m    m   u   U 

tn  ■       (u    C    p!  W 

^1    0)    o    o 

f-i  ^:J  -H    03    O 

,Q     CO 

Q)    4J    Ch    rH     ri    -P 

S^g 

o    o    pi    O    (U    <u 

t!    C    «    cJ 

fl)    -H    -H    -H 

C/2    CO 

CO   W  W  [H  f^   t= 

r-  tn  ts  fe= 

368 


TABLE  7I-E 
E.XISTING  WATER  POWEE  -  CONITECTICTtT  BASIN 


RIVER         NC.  OF        CAPACITY  OF.  PLANTS  OF      CAPACITY  USED  TOTAL 

PUNTS  IN                                 FOR  CAPACITY 
over      1,000  to  -under  Horse 
N.K.  Vt.  Ms.  Ct.  10.  OOP  HP.  9. 990  HP,  1.000  HP.  Utility  Mfg.  power 

CONNECTICUT   60  64  82  54  606,000  153,395  54,984  647.020  167,359  814,379 


Main  Stream 

10 

0 

a 

6 

459 

,400 

40,845 

1,199 

430,320 

70,624 

501,444 

Passumpsic 

0 

12 

0 

0 

0 

3,540 

3,055 

5,530 

1,065 

6,595 

Wells 

0 

4 

0 

0 

0 

0 

1,280 

950 

350 

1,230 

Ammonoos-uc 

6 

0 

0 

0 

0 

0 

2,100 

1,250 

350 

2,100 

White 

0 

7 

0 

0 

0 

0 

1,520 

740 

780 

1,520 

Mascoma 

12 

0 

0 

0 

0 

2,000 

2,200 

2,590 

1,610 

4,200 

Ottauquechee 

0 

6 

0 

0 

0 

0 

1,685 

300 

1,385 

1,685 

Sugar 

14 

0 

0 

0 

0 

2,230 

5,500 

2,370 

5,410 

7,780 

Black 

0 

17 

0 

0 

0 

2,250 

4,060 

2.950 

3,360 

6,310 

West 

0 

6 

0 

0 

0 

0 

1,355 

1,060 

295 

1,355 

Ashuelot 

12 

0 

0 

0 

0 

2,400 

3,670 

3,160 

2,910 

6,070 

Millers 

0 

0 

24 

0 

0 

3,500 

5,190 

3,570 

5,120 

8,690 

Deerfield 

0 

4 

10 

0 

90, 

,600 

39,450 

1,437 

130,800 

687 

131,487 

Chicopee 

0 

0 

24 

0 

0 

44,050 

3,490 

9,290 

38,250 

47,540 

Westfield 

0 

0 

16 

0 

44, 

,000 

5,680 

3,110 

44,350 

3,440 

52,790 

Scantic 

0 

0 

0 

4 

0 

0 

1,370 

0 

1,370 

1,370 

Farmington 

0 

0 

0 

13 

12, 

000 

7,400 

3,103 

5,280 

17,223 

22,503 

Hockanum 

0 

0 

0 

16 

0 

0 

3,556 

0 

3,556 

3,556 

Salmon 

0 

0 

0 

12 

0 

0 

2,545 

710 

1,835 

2,545 

Others 

6 

8 

0 

3 

0 

0 

3,559 

1 ,  320 

2,239 

3,559 
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TA3LE  VII-E:   EXISTIIiG  STOEAGE 


CO^ttlECTICUT  BASIN 


Drainage 

T7ater 

Storage 

St 

or  age 

Area 

Surface 

Capacity 

Equivalent 

Sq .  Mi . 

So. Mi. 

Acre-feet 

Inches 

of  Runoff 

Connecticut  Lakes 

82 

6.4 

88 , 3CC 

20.7 

Lower  15  Mile  Erais 

1,659 

/,3,000 

0.4 

Goose  Pond 

15 

.9 

11,000 

Mascoma  Lake 

148 

1.7 

■11,400 

3.7 

Sunapee  Lake 

46 

6,4 

19,800 

8.1 

Somerset  Reservoir 

30 

62,000 

Hai'riman  Reservoir 

184 

116,000 

18.2 

Cobtle  Mt.   W.S. Reservoir 

45 

62,000 

Ctis  Reservoir 

17.6 

1.7 

18,400 

19.6 

Compensation  Reservoir 

61 

9,200 

2.8 

ITepaue  W.  S.Resorvoir 

112 

29,000 

Estimrttod  Total,    existing 

11,320 

500,000 

0.83 

QaablDin  7/.  S. Reservoir 

187 

274,000 

(Under   Construction) 

, 

Pittsburgh  Reservoir 

166 

3.2 

98,500 

21.1 

(Under  Construction) 


iTOIE:   Storage  equivalent,  in  inches  of  runoff, 
storage  above  point  in  question. 


is  computed  on  a  bn.sis  of  all 
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HOUSATOHIC  BASIN 


GSKm^L  D5SCRIFTI0N 

The  Housatonic  ttasin  has  a  total  ai*ea  of  iysu  squa:^e  miles,  of  which  500 
square  miles  axe  in  Massachusetts,  1235  in  Ckjrmecticut,  and  215  in  New  York. 
The  basin  is  about  100  miles  long  from  north  to  south  and  its  maximum  width 
is  about  45  miles. 

The  river  rises  in  western  Massachusetts  and  flows  north  throush  Hinsdale 
to  Dalton,  southwest  to  ,Pittsfield,  and  thence  south,  crossing  the  Mas- 
sachusetts—Connecticut line  about  83  miles  above  its  mouth.  It  empties 
into  Long  Island  Sound  between  Milford  and  Stratford,  Connecticut,  about 
4  miles  east  of  Bridgeport.  Of  the  total  length  of  150  miles,  the  lower  13 
miles  are  tidal. 

The  northern  part  of  the  river's  course  is  through  a  steep,  narrow  valley 
in  high,  irregular  country.  The  valley  broadens  in  southern  Massachusetts, 
where  the  course  of  the  river  is  decidedly  meandering,  and  then  narrows 
again  in  northern  and  central  Connecticut.  The  lower  portion  of  the  basin 
is  rolling  country  except  for  the  ■  comparatively  flat  coastal  plain  near  the 
Sound.  In  general  the  hills  rise  tp  altitudes  of  about  1000  feet  above  the 
floor  of  the  valle;';  the  hi:3hest  peak,  at  the  northern  end  of  the  watershed, 
has  an  elevation  of  2650  feet. 

Rock  formation  is  almost  entirely  granite,  covered  with  coarse  sand  and 
gravel,  except  for  occasicnal  deposits  of  alluvial  soil,  particularly  in 
the  broad  valley  in  Massachusetts.  Nearly  one- third  of  the  total  area  is  in 
cleared  farmland,  the  major  portion  of  which  is  pacture.  The  hilltops  and 
ridges  are  generally  well  cove .ed  with  mixed  hardwoods,  usually  second  or 
third  growth. 

The  rainfall  in  the  watershed  averages  about  44  iuchas  annually,  varying  from 
42  inches  in  the  northtrn  portions  to  over  47  inches  near  the  coast.  The 
.monthly  distribution  of  rainfall  is  fairly  uniform,  with  somewhat  higher 
amounts  occurring  in  the  latter  part  of  the  summer.  Temperatures  vaiy  widely 
between  the  northern  and  southern  parts  of  the  basin,  ranging  from  20°  to  30° 
in  the  winter  and  from  64°  to  70°  in  the  svunmer. 

The  principal  tributaries  of  the  Housatonic  are  the  Haugatuck,  Poraperaug, 
Shepaug  and  Ten  Mile  Rivers. 

The  Naugatuck  rises  in  the  northern  part  of  Litchfield  County,  Connecticut 
and  flows  in  a  southerly  direction  for  about  52  miles  to  its  confluence  with 
the  Housatonic,  at  Derby,  12  miles  above  the  mouth.   Its  drainage  area  is 


312  square  miles.  As  the  valley  is  steep  and  rugged,  the  land  along  the 
river  is  not  well  suited  to  farming,  There  are,  however,  many  industrial 
derelopments  in  the  valley. 

The  Pomperaug  rises  near  Bethlehem,  in  Litchfield  County,  and  flows  southeast 
for  17  miles  to  its  junction  with  the  Housatonic.   Its  drainage  area  is 
ahout  90  sqi:iare  miles.   The  river  valley  at  the  headwaters  is  hroad  hut  he- 
comes  narrow  and  steep  at  its  lower  end.  The  most  populated  portion  of  the 
"basin  is  in  the  Woodbury— Southhury  region, where  there  is  good  farmland. 
Biere  are  practically  no  industries  in  the  valley. 

The  headwaters  of  the  Shepaug  are  immediately  west  of  those  of  the  Naugatuck, 
The  river  is  about. 37  miles  long  and  drains  an  area  of  155  square  miles.  The 
"topography  of  the  basin  is  moderately  rugged,  becoming  increasingly  so  in  the 
lower  part  of  the  valley.  The  vanes'-  itself  is  narrow  and  steep,  the  Average 
slope  being  30.5  feet  per  mile,  About  40  square  miles,  at  the  headwaters, 
•.recontrolled  for  the  water  supply  of  ffaterbury,  in  the  Navigatuck  valley. 

The  Ten:  Mile  Biver  valley  lies  almost  wholly  in  Hew  York,  with  173  square 
miles  out  of  the  total  area  of  210  square  miles  in  that  state.  The  river 
rises -in.  Dutchess  County,  New  York.   It  flows  south  in  that  state  to  South 
Dover,  where  it  turns  abruptly  to  the  east  and  enters  the  Housatonic  about 
one  mile  east  of  the  Connecticut-New  York  State  line.  The   river  winds  for 
about  34  miles  through  rolling  and  wooded  country  of  primarily  recreational 
importance. 

Discharge  records  are  kept  on  the  Housatonic  and  its  tributaries  by  the  U. 
S.  Creological  Survey  in  cooperation  with  the  states  of  Massachusetts  and 
Connecticut.  Detailed  data  for  these  stations  can  be  found  in  the  U.  S. 
Geological  Survey  Water  Supply  Papers,  Part  I  -  North  Atlantic  Slope  Basins. 
The  figures  in  Table  III-F  are  siommarized  from  unpublished  records  in  the 
offices  of  the  District  Engineers  at  Hartford  and  Boston,  and  from  the 
published  papers  of  the  survey. 

The  hydrograph  on  Chart  14  shows  the  monthly  average  run-off  diiring  the  last 
15  years  of  record  at  Falls  Village,  Connecticut.  The  average  yearly  runoff 
from  the  drainage  area  of  644  square  miles  above  this  point  is  1.60  cubic 
feet  per  second  per  square  mile. 
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HUMAtT  OCCUPMCy 


Population     The  population  of  the  Housatonic  watershed  in  1930  was  370,000; 
divided  between  Connecticut,  285,000;  Massachusetts,  76,000;  and  New  York, 
9000.   The  southern  third  of  the  basin,  containing  sixty  percent  of  the  entire 
population,  has  an  average  density  of  approximately  375  per  square  mile,  in 
contrast  to  about  108  per  square  mile  for  the  northern  portion  and  333  for  the 
entire  state  of  Connecticut. 

The  southern  portion  of  the  basin,  largely  urban,  is  included  in  the  Bridge- 
port, Waterbury  and  New  Haven  metropolitan  districts.   Cities  having  over 
10,000  population  in  1930  are: 


Waterbury, 

Conn. 

99,902 

Torrington. 

26,040 

Danbury, 

26,955 

Insonia, 

18,898 

Naugatuck, 

14,315 

Stratford, 

19,212 

Derby, 

10,788 

Shelton, 

II 

10,113 

Pittsfield,  Mass.      49,677 

Parts  of  Torrington  and  Stratford  are  in  the  Connecticut  and  the  Western 
Coastal  basins,  respectively.   All  of  these  communities  are  important  manu- 
facturing centers.  Waterbury  is  a  trading  center  for  much  of  the  Housatonic 
valley  in  Connecticut,  and  Pittsfield  for  most  of  it  in  Massachusetts. 

Increase  in  the  population  of  the  Housatonic  basin  was  about  12.1^  between 
1920  and  1930,  compared  with  an  increase  in  the  state  of  Connecticut  of 
16.4^.   The  location  of  cities  and  towns  having  gains  or  losses  is  shown  on 
Map  7.   The  most  consistent  growth  occurred  in  the  southern  urbanized  section, 
while  the  losses  were  in  the  northern  and  we.stern  sections,  where  population 
density  is  low.   Of  the  cities  above  10,000  in  population  only  two  (Derby 
and  Naugatuck)  lost  in  the  1920-1930  decade.   The  important  manufacturing 
communities,  Waterbury  and  Pittsfield,  showed  substantial  gains. 

Past  trends  indicate  that  future  expansion  will  occur  in  the  southern  half 
of  the  basin,  where  industrialization  is  highest.   Parts  of  the  northern 
portion  will  probably  show  moderate  growth,  particularly  in  the  number  of 
rural  nonfarm  residence. 

Apyi culture     Agricultural  Irnd,  which  in  both  states  is  below  the  average 
in  fertility,  forms  about  one-fourth  of  the  total  basin  area  in  Connecticut 
and  less  than  one-tenth  of  that  in  Massachusetts.   The  most  productive  soil 
is  found  in  the  southern  end  of  the  basin.  Dairy  products  exceed  general 
crops  as  the  principal  source  of  farm  revenue.   In  1930  the  Connecticut 
portion  of  the  basin  accounted  for  nearly  one-third  of  the  total  state  in- 
come from  dairy  products.  Proximity  to  large  markets  favors  the  dairy  and 
poultry  business. 

Industry     The  southern  section  is  highly  industrialized,  especially  in 
the  Naugatuck  valley,  which  is  famed  for  its  manufacture  of  brass  and  copper 
products.   Waterbury  and  Ansonia  are  outstanding  in  this  field  of  manufacture. 
Many  other  commodities,  including  machinery,  fabricated  metal  products  and 
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paper,  are  manufact-ured  in  that  valley,  and  also  in  Pittsfield,  can  active 
manufacturing  point  at  the  extreme  northern  end  of  the  basin.  Although  the 
major  cities. are  the  centers., of  industry,  many  manufacturing  estahlishments 
are  located  in  smaller  communities  along  the  lower  reaches  of  the  river. 

A  noticeable  tendency  is  toward  the  movenent  of  snail  industries  into  the 
induL;trial  section  of  the  basin  from  the  New  York  Metropolitan  area.   The 
advantages  of  low  runts,  skilled  labor  and  quick  transportation  are  induce- 
ments for  many  manufacturers  with  headquarters  in  New  York  City  to  move 
their  plants  into  western  Connecticut.  Under  the  influence  of  the  business 
activity  in  the  Metropolitan  area,  and  considering  its  own  natural  rudvantagcs, 
a  consistent  growth  of  industry  in  the  lower  Housatonic  basin  nay  be  expected. 

Mining     Marble  and  limestone  deposits  are  found  in  the  northern  Connecticut 
area  and  in  Massacliusetts.  Both  are  quarried  on  a  lir.itcd  scale. 

There  are,  however,  no  prospects  of  increase  in  the  production  of  marble  or 
limestone  products  unless  the  fields  of  use  of  these  products  are  extended. 

Lumbering     Lumber  production  is  confined  essentially  to  farm  woodlot 
cuttin/^s,  which  yield  a  minor  income,  as  contrasted  with  the  proportion  of 
income  they  yield  in  the  northern  New  England  basins,   Irproved  mcthod-s  of 
managing  farm  woodlot s  and  other  privately-OT/ned  woodland  seen  to  constitute 
the  best  means  of  increasing  the  limited  lumber  production  of  the  basin. 
State-owned  forest  lands  may  in  the  futui-e  provide  material  assets  oy   reason 
of  controlled  cuttings,  but  the  principal  value  of  such  tracts  lies  in  their 
use  'for  recreation  and  wildlife  conservation. 

Recreation     The  Housatonic  vnlley  has  natural  features  adapted  to  a,  variety 
of  recreationril  uses.   Sur;mer  residents  have  long  favored  it  for  their 
country  homes,  whether  they  be  cottages,  small  farms  or  elaborate  estates. 
The  entire  valley  is  readily  accessible  to  large  population  centers.   In 
Fairfield  County,  near  Danbury,  an  artificial  lake  constructed  primarily  for 
water  power  storage  is  used  extensively  for  recreation,  and  has  the  distinction 
of  being  the  largest  lake  in  Connecticut.  The  nanjr  ponds  and  streams  of 
attractive  Litchfiuld  County,  provide  sites  for  summer  homes  and  for  recrea- 
tion uses.   The  best-know:!  recreational  resort  of  the  region  is  the  Berkshire 
Hills,,  which  extend  from  Litchfield  County  through  the  entire  length  of  Berk- 
shire County  in  Massachusetts.   Throughout  the  upper  part  of  the  basin  there 
are  numerous  state  forests  and  reservations  in  which  recreational  facilities 
of  many  types  have  been  intensively  developed,  but  there  is  apparently  a 
need  for  more  such  areas,  especially  in  the  lower  part  of  the  basin., 

.Trans-portation     Tlie  tidal  portion  of  the  Housatonic  river,  about  13  miles 
in  length,  hn.s  been  improved  by  the  U.  S.  Army  Engineers  to  provide  a  channel 
7  feet  deep  at  mean  low  water  and  generally  100  feet  wide  to  Derby  and 
Shelton,   Tliere  appears  to  b  e  no  necessity  of  improvement  for  navigation  above 
this  point,  but  it  is  possible  that  enlargement  of  the  existing  channel  below 
Derby  T70uld  be  of  economic  advantage. 

A  closely  woven  network  of  highwaj''s  covers  practically  the  entire  area. of  ■ 
this  valley.   In  gcnei-.al  this  system  is  adequate,  except  for  the  major  east- 
west  highways  and  the  highway  along  the  main  river,  all  of  which  should  be 
re-developed  to  meet  present  needs  of  tlirough  traffic. 
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Railroad  service  is  provided  to  inportant  cities  and  towns  in  the  basin  ■by- 
lines of  the  N.Y. ,  N.H.  A  H.  Railroad,  Additional  service  in  the  norther  end 
of  the  valley  is  fiirnished  hy  the  Boston  and  Albany  Railroad. 

While  the  Housatonic  Valley  is  crossed  hy  the  existing  airway's  fron  Boston 
to  New  York  and  Boston  to  Albany,  there  is  no  scheduled  air  transport  service 
fron  any  airport  in  the  v;\lley  at  present.  Existing  landing  fields  are  lo* 
cated  in  Bethany,  Danbury,  Torrington,  CnJiaan,  Grea.t  Barrington  and  Pittsfield, 
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WATER  USE  AITS  CONTROL 

Pollution     The  largest  towns  in  Massachusetts  without  organized  sewer  sys- 
tems are : 

19^0  pop. 
Sheffield      1810 
W.  Stockbridge  1138 
New  Marlboro     921 

In  addition  to  these  there  are  two  towns  which  have  organized  water  supplies, 
hut  no  domestic  sewage  systems.   Sewage  is  treated  at  pittsfield,  Lenox  and 
Stockbridge;   the  remaining  commtmities  dispose  of  their  raw  sewage  by  dilution 
in  the  Housatonic  River. 

The  three  communities  with  treatment  comprise  about  Sj'^  of  the  basin  population. 
When  such  a  large  percentage  of  sewage  is  treated,  it  might  be  expected  that 
river  conditions  would  be  good.   This  would  be  true  but  for  the  large  volumes 
of  industrial  wastes  (over  8  million  gallons  daily)  which  exceed  the  domestic 
sewage  flow,  estimated,  at  100  gallons  per  capita,  a  total  of  about  seven  mil- 
lion gallons  daily.   The  per  capita  water  consumption  in  several  towns  is  high- 
er than  the  above  assumption,  but  that  fact  is  undoubtedly  due  to  industrial 
use  of  the  water.  I 

The  river  water  is  of  good  quality  above  Hinsdale.  Pollution,  as  indicated  by 
biochemical  oxygen  demand,  increases  sharply  from  Dalton  to  Pittsfield,  where 
dilution  water  from  tributary  streams  has  an  alleviating  effect.   Chloride 
determino-tions  indicats  that  this  sharp  rise  is  probably  due  to  industrial 
wastes.   There  is  another  sharp  rise  from  New  Lenox  to  below  Lee,  at  v/hich 
point  the  organic  pollution  is  at  the  maximum,  due  principally  to  the  discharge 
of  untreated  industrial  wastes.   The  degree  of  pollution  decreases  rapidly  be- 
tween Lee  and  Stockbridge,  and  from  there  to  the  state  boundary  there  is  a 
gradioal  improvement.   In  general  the  parameters  of  pollution,  albuminoid  ammonia, 
dissolved  oxygen  and  oxygen  consumed  corroborate  the  B.Q.D.  determinations.   The 
lowest  dissolved  oxygen  values  are  in  the  vicinity  of  Pittsfield.  During  low 
flows  there  may  be  objectionable  conditions  elsewhere,  but  there  are  no  bac- 
terial results  available  for  a  discussion  of  river  contamination. 

There  are  several  minor  tributaries  to  the  river,  but  their  pollution  is  not 
serious,  /ifter  the  new  Pittsfield  sewage  treatment  works  are  completed  and  in 
operation,  any  further  improvement  in  the  qiaality  of  the  river  water  will  de- 
pend on  industrial  waste  treatment,  particularly  at  paper  mills.   Sewage  treat- 
ment facilities  for  Dalton,  Hinsdale,  Lee,  and  Great  Barrington  are  needed.   If 
pollutive  wastes  are  not  treated,  it  is  possible  that  the  river  may  soon  become 
useless  for  recreation. 

In  Connecticut  the  towns  that  have  water  supplies  but  no  sewer  systems  are: 

1930  pop. 

New  Milford  U7OO  (has  some  private  sewers  to  rivers) 

Bethel  I+060 

Washington  I8I3 

Woodbiiry  I755 

Middlebury  I5U5 
Cornwall  889 
Canaan  r66 
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No  tovms  without  water  supplies  have  sev/erage. 


Sewage  treatment  is  provided  in  10  communities  comprising  33^  of  the  basin 
population.   Of  these  ten  the  largest  are  Danbtiry,  Torrington  and  Stratford. 
In  addition  to  treated  sewage,  the  streams  receive  large  amounts  of  untreated 
sewage  and  industrial  waste. 

Throughout  most  of  its  course  in  Connecticut  the  Housatonic  is  a  comparatively- 
clean  stream.  A  comparison  of  the  averages  of  chemical  analyses  of  the  Housa- 
tonic Hiver  at  Great  Barrington,  Massachusetts  and  Lime  Rock,  Connecticut  show 
somewhat  less  pollution  at  the  latter  point.   Stream  conditions  are  about  the 
same  at  Sandy  Hook  as  at  Lime  Rock.   The  river  is  tidal  below  Shelton,  at  which 
point  the  Naugatuck  joins  the  main  river.   Tidal  fluctuations  may  cause  ob- 
jectionable conditions  near  Shelton  due  to  the  pollution  from  the  Naugatuck 
River  and  to  concentration  of  the  raw  sewage  from  Shelton,  Derby  and  Ansonia, 
which  have  a  total  population  of  4l,53S.   The  Connecticut  State  Water  Commission 
has  recommended  the  formation  of  a  sanitary  district  comprising  these  three 
communities  for  the  purpose  of  treatment  and  disposal  of  sewage. 

Of  the  tributary  streams  the  Naugatuck  River,  with  a  drainage  area  of  3I2 
square  miles,  is  the  largest.   It  receives  large  volumes  of  raw  sewage  and  un- 
treated wastes,  as  the  result  of  which  the  river  is  the  most  polluted  of  any 
in  Connecticut  for  which  analyses  are  given.   Some  samples  from  both  the  Thomas- 
ton  and  Beacon  Falls  stations,  particularly  those  collected  during  dry  weather 
flows,  may  be  defined  as  weak  sewage  rather  than  polluted  river  water.   The 
conditions  at  the  former  station  are  the  better  of  the  two  and  more  improvement 
will  be  noted  when  the  Torrington  treatment  works  are  in  operation.  Waterbury, 
with  an  estimated  popu.lation  of  102,000,  is  one  of  the  largest  inland  cities  in 
New  England  without  sewage  treatment  facilities;  the  raw  sewage  discharge  from 
this  city  is  the  chief  factor  of  the  seriously  polluted  conditions  observed  at 
the  Beacon  Falls  station.  The  follovang  table  giving  the  mean  runoff  cfs.  per 
square  mile  at  Naugatuck,  where  the  drainage  area  is  2.kG   square  miles,  shows 
the  gross  inadequacy  of  dilution  flow  for  proper  disposal  of  the  Waterbury 


Year 

193^35 
1933-3^ 
1932-33 
1931-32 
1930-31 


July 


Average  of 


.565 


August 

.Ull 
.U2I 
.623 
.551 
.322 

.^78 


September 

.65U 
3.02 
1.19 

.U7S 

_.228_ 


1.13 


(Fifth  and  Sixth  Biennial  Reports,  Connecticut  State  Water  Commission.) 

Theoretically,  a  populo-tion  of  102,000  requires  a  dilution  flow  of  66O  cfs. 
of  relatively  clean  water;  this  would  be  2.6  cfs.  per  square  mile  for  the  2U6 
square  miles  of  drainage  area,  a  flow  which  is  seldom  attained. 


Analyses  Of  the  Shepaug  River,  which  has  a  total  drainage  area  of  I56  square 
miles,  show  some  pollution  at  the  Roxbury  station  but  not  so  much  as  is  in  the 
Housatonic.   The  flow  from  the  west  branch  of  the  river,  diverted  by  tunnel 
to  reservoirs  in  the  Naugatuck  drainage  area,  is  used  for  the  Waterbury  water 
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supply.   There  is  a  possibility  of  diversion  of  other  headwaters  for  the  sane 
supply. 

The  Still  River  is  a  minor  tributary.  Although  sewage  treatment  at  Danbury, 
from  which  effluent  is  discharged  into  the  river,  is  satisfactory^  proper  dis-  J 
posal  should  be  aade  of  industrial  wastes,  a  large  proportion  of  which  cones    I 
from  the  hat  factories. 

River  pollution  control  in  the  Housatonic  basin  is  needed  most  in  the  tributary 
Naugatuck  valley.  Recommendations  include  a  treatment  plant  for.  Waterbury  and 
a  district  disposal  system  for  Ansonia,  Shelton  and  Derby.  Partial  treatment  of 
industrial  waste  is  desirable,  but  in  some  instances  no  methods  of  economic 
treatment  have  yet  been  devised.  | 

Water  Supply     In  the  Massachusetts  section  of  the  basin  there  are  five  towns 
which  do  not  have  water  supplies:  Lanesboro  (pop.1237),  Richmond  (pop.62S), 
Tyrin|;ham  (pop. 21+6),  Washington  (pop. 222)  and  Alf ord  (pop. 200).   In  the  towns 
which  are  supplied,  the  per  capita  daily  consumption  is  high,  due  to  industrial 
use  of  ?/ater.  Pittsfield,  the  only  city,  is  served  by  a  chlorinated  surface 
supply  taken  from  several  sources. 

Of  the  twelve  towns  supplied  with  water,  t\70  employ  continuous  chlorination,  two 
have  seasonal  chlorination,  and  the  others  have  no  treatment.   The  majority  of 
supplies  in  the  basin  are  from  surface  sources. 

The  ground  and  surface  waters  in  the  basin  have  a  low  iron  content..   The  hardest 
surface  waters  in  the  state  are  those  used  by  Pittsfield,  Monterey,  Great  lar- 
rington  and  Lenox.   One  of  the  hardest  ground  waters  in  the  state  is  that  of 
Bloke's  Spring  in  West  Stockbridge. 

In  Connecticut  there  are  three  towns  without  water  supplies:  Oxford  (pop.1177) 
Southb-'jxy  (pop.llU3)  and  Wolcott  (pop.1035).   In  addition  there  are  twelve 
torms  of  less  thaii  a  thous.vaid  population  which  are  not  served.  About  90^  of 
the  basin  population  is  in  tovms  that  h^ave  water  supplies.   Except  at  Bethel, 
Waterbury,  Waterto\Tn.,  and  Danbury,  water  supply  systems  are  in  semi-public 
ovmership.   Surfarie  supplies  predominate,  and  practically  all  of  these  are 
chlorinated.   There  .are  three  sand-filter  plants  in  the  basin. 

The  ground  waters  are,,  in  general,  much  har'der  than  elsewhere  in  New  Englsind, 
and  in  some  cases  the  hardness  is  accompanied  by  a  high  total  solids  content. 
Towns  served  by  hard  ground  water  in  whole  'or  in  part  are:  Salisbury,  North 
Canaan,  Sharon,  Cornwall,  Kent,  Litchfield  and  Canaan.   The  water  of  the  last-   J 
named  suppl5'-  is  the  hardest  in  the  state.  I 

Flood  Control     The  conclusion  reached  by  the  Army  Engineers  in  a  I932  report 
was  that  the  Housatonic  watershed  has  not,  in  general,  been  subject  to  frequent 
high  runoff.  An  abundant  groujnd  water  storage  capacity,  together  with  the  large 
number  of  lakos  and  ponds  and  swamps,  as  well  as  the  favorable  shape  of  the 
basin  have  been  responsible  for  curbing  floods.   The  I936  flood  was  the  highest 
on  record.   Tlie  maximum  discharge  at  Falls  Village,  Connecticut  was  lU,500  cfs.  ; 
at  Stevenson,  Connecticut  the  peak  flow  amounted  to  69,5^0  c.f.s.   The  corres- 
ponding runoff  per  square  mile  for  these  two  stations  was  22.5  and  k^   c.f.s.   In 
1927,  the  peaJc  flow  at  these  two  stations  was  11,700  and  33,250  c.f.s.,  re- 
spectively. 
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The  conclusion  reached  by  the  Army  Engineers  in  their  report  was  that  a  flood 
problem  does  not  exist  on  the  Housatonic  River,  as  the  annual  flood  damage  is 
too  small  to  warrant  consideration  of  a  comprehensive  plan  of  regulation. 
Their  finding  was  that  such  damage  as  has  occurred  has  been  mainly  local,  and 
that  the  situation  can  be  Iriandled  locally  to  good  advantage.  Authorized  by 
the  Plood  Control  Act  of  I936.  the  Army  Engineers  made  a  preliminary  examination 
of  flood  control  needs  on  the  Kousatonic  River  and  are  nov/,  as  a  result  of  that 
examination,  making  a  detailed  study  on  which  they  will  base  recommendations 
for  procedure. 

Power     The  developed  hydro-power  on  the  main  river  and  tributaries  amounts 
to  122,979  horsepower.  Of  this  amount  SO, 29*+  horsepower  are  developed  through 
about  875  f®®*  °f  fall   on  the  main  river,  including  that  part  called  East  Branch. 
The  total  fall  in  the  main  river  between  the  crest  of  the  dam  at  Hinsdale, 
Massachusetts  and  tidewater  is  lU22  feet,  of  which  about  720  feet  are  in  Massa- 
chusetts.  The  head  developed  in  MassachuscttK  is  approximately  5'^5  feet,  and  in 
Connecticut  33O  feet.  The  corresponding  wheel  installations  in  the  two  states 
are  9885  horsepower  and  70.^9  horsepower. 

On  the  Rocky  River,  a  small  tributary  of  the  Housatonic  that  has  a  drainage 
area  of  only  Ul  square  miles,  a  pump-storage  project  wo.s  constructed  by  the 
Connecticut  Light  and  Power  Company  as  a  peak  load  development.   The  project 
includes  a  reservoir  with  a  surface  area  of  over  3  square  miles,  and  a  usable 
capacity  of  about  135,UU5  acre-feet.   The  dam  is  located  on  Rocky  River  at  its 
mouth  ajid  the  power  house  is  on  the  Housatonic.  The  reservoir  is  connected  with 
the  power  house  by  open  and  closed  conduits. 

The  average  yearly  runoff  from  the  drainage  area  is  but  34,435  acre-feet,  about 
25^  of  the  capacity  of  the  reservoir.   The  remaining  capacity  is  filled  by 
pumping  from  the  Housatonic  River  against  a  head  varying  from  200  to  23O  feet 
by  means  of  an  SlOO-horseoower  centrifugal  pump  located  in  the  power  house. 
Off-peak  power  is  used  to  pump  the  wat..;r  from  the-  river  to  the  reservoir.   The 
reservoir  is  subsequently  drawn  down  to  carry  the  peak  load  of  the  power  system. 
This  plant  has  an  installed  wheel  capacity  of  36, 100  horsepower. 

The  Naugatuck  River,  one  of  the  principal  tributaries,  has  a  fall  of  about 
3^5  feet,  of  which  approximately  ll4  feet  arc  at  present  developed  for  power. 
Wheel  installations  on  this  river  total  2475  horsepower. 

When  the  U.  S.  Army  Engineers  investigated  the  possibilities  for  new  develop- 
ments on  the  river  they  found  seven  sites  wnich  appeared  to  be  economically 
feasible.   Six  of  those  sites  are  on  the  Housatonic  River  and  the  seventh  is 
on  Ten  Mile  River.   The  total  estimated  capacity  of  the  installations  is 
96,915  horsepower.   The  table  below  gives  the  location  of  the  sites  together 
with  certain  pertinent  data: 

Drainage  Area  Potential  Capacity 

Rivers  and  Sites        Sq.-Lii.  Head-ft.     80^  efficiency  HP 

Housatonic  River 

Shelton  1575  29  17.450 

Shepaug  139^  53  28,100 

Stillriver  1206  44  20,250 


3SS 

Drainage  Area  Potential  Capacity 

Rivers  and  Sites         Sq.-Mi.  Head-ft.     SOJ   efficien'-»y  HP 

Boardman  1021  kO  6,650 

Kent  Furnace  JOS'  !+6  13,300 

West  Cornwall  685  129  2,275 

Ten  Mile  River 

¥ebatuck  209  94  2,890 

Total  Developments  96,915 

This  potential  power  is  largely  controlled  by  power  companies  which  have 
numerous  hydro  plants  in  this  area,  and  which  will  probably  extend  their 
developments  when  the  market  for  power  is  suitable.   These  plants  could  be 
operated  as  base  load  plants  during  seasons  when  water  yi^as  plentifixL  and  as 
peak  load  plants  during  dry  seasons,  being  used  to  develop  prime  power  ex- 
clusively.  If  they  are  built  it  will  be  necessary,  however,  to  use  steam 
reserve  or  other  standby  power  to  make  the  developments  practical. 

The  flow  of  the  river  is  very  limited  during  the  dry  season  of  the  year  and 
it  is  therefore  desirable  to  develop  storage  for  use  in  increasing  prime 
power.   The  investigations  of  the  Array  Engineers  disclosed  3  sites  which,  in 
their  opinion,  would  be  feasible.   These  sites  are: 

Location  Drainage  Area      Surface  Area      Storage 

SqiMi.  Acres         Acre-ft. 

Richmond  Pond,  Mass.       7.3  219  1.035 

Monterey,  Mo,ss.  23.4  5.I65 

Spectacle  Ponds,  Conn.     I.7  275  91S 

In  addition  to  these  three,  nearly  sixty  other  sites  were  investigated  for 
storage,  but  were  rejected  as  being  impracticable. 

Navigation    ,  The  lower  reach  of  the  stream  is  navigable  for  I3-I  miles  from 
Long  Island  Sound  to  Derby-Shelton.   The  controlling  depth  at  mean  low  water 
is  7  feet.  Above  Shelton,  a  canal  permits  boats  of  less  than  3-foot  draft  to 
pass  a  dam  and  proceed  to  Otter  Rocks,  iG-g   miles  from  the  river  mouth.   In 
1936  the  traffic  below  Shelton,  amounting  to  230,062  tons,  consisted  almost 
entirely  of  coal  and  petroleum  products.   Deepening  of  the  channel  to  IS  feet 
in  the  lower  five  miles  of  the  river  has  been  authorized,  contingent  upon 
specific  local  cooperation. 

Erosion     The  Army  Engineers'  3O8  Report  states  that  the  Housatonic  "is 
not  what  would  be  ordinarily  termed  a  silt-bearing  stream."   Consequently, 
damaiges  resulting  from  soil  erosion  are  neither  serious  nor  extensive.    Such 
filling  as  occurs  behind  dams  is  believed  to  be  largely  an  accumulation  from 
domestic  and  industrial  wastes.   The  predominant  type  of  soil  erosion  re- 
corded by  the  Soil  Conservation  Service  in  its  reconnaissance  survey  is  mod- 
erate sheet  erosion,  which  occurs  in  a  few  places  in  the  central  and  southern 
portions  of  the  basin;   the  largest  area  is  on  the  ITew  York  line  in  north- 
western Connecticut,   In  the  northern  end  of  the  basin  there  are  some  areas, 
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where  slight  sheet  erosion  is  acconpanied  by  occasional  gallying,  and  there 
are  three  relatively  snail  areas  which  exhibit  moderate  sheet  erosion  with 
occasional  gullies. 

Drainage     Swa'ips  in  the  Kousatonic  watershed  are  scattered  land  pockets 
usually  at  tributary  headwaters.   They  occur  nost  frequently  in  the  south- 
western portion  of  the  basin  around  Danbury  and  Derby.  No  special  c'Tainage 
problems  exist  in  tMs  basin. 

Recreajtion  The  presence  of  nany  snail  lakes  and  ponds  amid 

the  Berkshire  Hills,  m  the  northern  section  of  the  Housatonic  BaSin,  has 
prompted  the  establishnent  of  public  recreation  areas,  but  in  the  southern 
section  of  the  basin,  where  there  are  fewer  natural  recreational  assets,  there 
is  need  of  norc  play  areas  for  the  concentrated  population.  The  rarity  of 
rater  bodies  raises  the  recreational  value  of  all  streams  an.d  emphasizes  the 
desirability  of  carefully  balancing  the  value  of  a  stream  as  a  means  of  \7aste 
disposal  against  its  value  as  a  potential  recreation  and  fishing  convenience. 
If  stream  enviroanent  is  inproved  by  pollution  abatement,  desirable  game  fish 
can  be  induced  to  repopulate  the  pools  aJid  eddies  which  are  now  almost 
abandoned. 
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TffiSTERN  COroiECTICUT  COASTAL  BASINS 

&EKSRAL  DESCRIPTION 

The  Western  Connecticu.t  Coastal  "basins  comprise  that  area  which  is  drained 
by  the  streams  that  flow  into  Long  Island  Sound  between  the  mouth  of  the 
Connecticut  River  and  the  Qonnecti cut-Hew  York  State  Line,  except  for  the 
Housatonic  River.   This  section  of  Connecticut  is  about  75  miles  long,  ex- 
tends a  naxiaun  of  3O  miles  inland,  and  has  a  total  area  of  9^0  square  miles. 
Although  low  and  comparatively  flat  along  the  coast,  the  topography  becomes 
rolling  a  short  distance  inland.  Rock  structure  is  predominantly  sandstone 
and  shale,  broken  up  by  intrusions  of  trap-rock,  with  some  granite  in  the 
northwestern  part  of  the  basin.   Soils  are  generally  sandy,  but  light  and 
fairly  fertile  in  the  lowland  regions. 

Over  a  third  of  the  total  area  is  in  cleared  farmland,  and  15/j  is  in  cropland. 
Large  sections,  particularly  along  the  Sound,  may  be  classed  as  urban,  while 
much  of  the  inland  portion  is  taken  up  by  suburban  estates.  Approximately 
half  of  the  drainage  area  is  woodland,  most  of  which  is  in  scattered  hardwood 
stands  of  little  commercial  value. 

The  rainfall  ranges  from  U3  to  kf   inches  per  year,  with  an  average  of  about 
U5  inches  well  distributed  throughout  the  year,  except  in  July  and  August, 
when  there  is  slightly  heavier  precipitation.  Average  temperatures  are  about 
30°  in  winter  and  nearly  70°  in  summer. 

The  only  two  important  streams  in  this  coastal  area  are  the  Quinnipiac  and 
Saugatuck  rivers. 

The  Quinnipiac  River,  v/hicn  rises  in  southwestern  Hartford  County  and  flows 
south  about  J)0   miles  to  Hew  Haven  Harbor,  drains  I50  square  miles  of  land 
devoted  largely  to  industry  and  .agricult\ire. 

The  Saugatuck  River  rises  in  central  Fairfield  County  and  flows  southeast, 
then  south  about  20  miles  to  Long  Island  Sound,  .-.t  Westport.  It  drains  an 
area  of  nearly  90  square  miles  of  suburban  residential  country. 

The  only  two  stations  at  which  discharge  has  been  recorded  for  more  than  two 
years  are  at  Wallingford  on  the  Qainnipiac  River,  and  at  Westport  on  the 
Saugatuck  -  where  data  is  obtained  by  the  U.  S.  Geological  Survey,  in  coop- 
eration with  the  state  of  Connecticut. 

The  figures  in  Table  III-F  are  summarized  from  unpublished  records  in  the 
office  of  the  District  Engineer  (U.S.G.S.)  at  Hartford,  Connecticut,  as 
well  as  from  the  Survey's  various  Water  Supply  Papers  covering  Part  I  - 
"North  Atlantic  Slope  Drainage  Basins". 

The  mean  annual  discharge  at  the  two  gaging  stations  is,  in  cubic  feet  per 
second  per  square  mile: 

Quinnipiac  River  -  Drainage  Area  111  square  miles  -  1,56 
Saugatuck  River  -    "      "   77. U   "     "   -  I.76 
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Population     In  193^  this  area  lying  between  the  Connecticut  River  and  the 
New  York  state  line  had  a  population  of  about  660,000,  and  a  population  density 
of  700  per  square  mile,  more  than  double  that  of  the  State  of  Connecticut. 

There  are  eleven  cities  of  more  than  10,000  population: 


Hew  Haven 

162,655 

Bridgeport 

146. 716 

Stamford 

56.765 

Meriden 

38.U8I 

Norwalk 

36.019 

G-reenwich 

33.112 

West  Haven 

25,802 

Hamden 

19,020 

Fairfield 

17,218 

Wallingford 

lU,278 

Llilford 

12,660 

New  Haven  is  a  busy  manufacturing  city  and  an  important  railroad  center. 
I3rid#;eport,  the  leading  industrial  point  of  Connecticut,  has  a  wide  variety 
of  manufacturing  interests.   Most  of  the  cities  of  the  basin  are  old  established 
manufacturing  centers,  while  a  few,  like  Greenwich,  are  practically  residential 
suburbs  of  New  York  City.   The  eleven  cities  listed  above  contain  S6f^  of  the 
inhabitants  of  the  basin. 

Bet-7'een  I92O  and  193'^  ^'^^   population  increased  in  all  the  cities,  although  in 
New  Haven  the  increase  was  negligible.   It  will  be  noted  from  Map  7  that  very 
few  places  lost  population  in  this  ten -year  period;  in  fact,  most  communities 
gained  in  each  decade  between  I9OO  and  1930.   The  influence  of  the  densely 
populated  and  rapidly  growing  New  York  metropolitan  region  has  been  felt  as 
far  east  as  New  Haven.   That  influence  will  undoubtedly  continue,  but  it  is 
probable  that  the  rate  of  increase  will  be  slower  than  in  the  past.   It  is 
estimated  by  Thompson  and  Wlielpton  that,  for  example,  the  I93O  urban  population 
of  Connecticut  \v-ill  increase  in  the  next  twenty-five  years  by  about  17^,  the 
same  percentage  as  diiring  the  last  ten-year  census  period.   The  coastal  areas 
will  probably  gain  more  rapidly  than  this,  but  there  are  no  indications  that 
their  development  will  continue  at  so  high  a  rate  as  the  I92O-I93O  increase. 

Agriculture     The  rural  population  is  a  small  portion  of  the  total,  and  about 
90^  of  the  rural  inhabitants  are  classed  as  non-farm.   The  principal  farming 
activities, which  are  conducted  on  an  intensive  though  limited  scale,  are  dairy- 
ing, poultry  raising  and  truck  gardening,  the  products  of  which  find  a  ready 
market  in  the  nearby  urb'^  communities. 

The  two  significant  trends  in  rural  land  uses  are  to'jard  increased  part-time 
farming  in  small  scattered  plots,  ajid  displacement  of  fiill-time  farming  activity 
by  residential  occiipancy.  Both  developments,  results  of  the  Metropolitan  New 
York  influence,  have  been  intensified  by  the  depression. 
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Industry     'By   reason  of  its  important  industrial  cities  -  Bridgeport,  New 
Haven,  lallingford,  Stanford,  Norwalk  and  Meriden  -  the  region  ranks  high  in 
its  output  of  manufactiired  products.   Fairfield  and  New  Haven  counties,  in 
which  these  cities  lie,  account  for  over  half  the  value  of  Connecticut's  manu- 
factures. Leading  products  include  high-grade  machinery,  firearms  and  ammuni- 
tion, hardware,  silverware,  and  clothing.   Its  wide  diversification  of  manu- 
factures and  its  location  with  respect  to  the  Rew  York  area  and  the  concentrated 
eastern  markets  are  factors  responsihle  for  the  growth  of  this  section.  Unlike 
other  parts  of  New  England,  there  is  in  this  section  a  scarcity  of  available 
factory  space  "because  so  man;/  industries  have  recently  moved  here  from  New  York 
and  other  centers. 

Lumbering     Woodland  growth  is  scattered,  and  the  productive  areas  are  con- 
fined to  farm  woodlots.   Even  here  the  yield  is  of  minor  importance.   Woodland 
is  more  valuable  for  its  recreational  possibilities  than  as  a  source  of  lumber. 

Fishing     Commercial  fishing  activities  are  limited  to  r.hellfishing  along  the 
coast,  and  even  these  are  menaced  by  the  polluted  condition  of  the  waters  in 
various  localities.   Safeguarding  and  promotion  of  the  shellfish  interests  re- 
quire greater  control  over  sources  of  pollution  in  both  streams  and  coastal 
waters. 

Recreation     Along  the  coast  the  many  inlets  and  harbors  suitable  for 
pleasure  craft  and  the  excellent  bathing  beaches  attract  summer  residents. 
Sherwood  Island  State  Park  and  Hammonasset  Beach,  the  largest  public  bathing 
beaches  in  Connecticut,  are  so  crowded  as  to  indicate  need  for  additional 
publicly-owned  beaches  in  the  region.   Inland  recreational  facilities  are  not 
sufficient  to  meet  the  requirements  of  the  large  urban  communities,  but  some 
rivers  and  smaller  streams  possess  great  possibilities  for  recreational  use, 
and  these  resoiorces  should  be  developed.   Careful  planning,  particularly  for 
the  protection  of  the  waters  from  pollution,  is  essential  to  the  proper 
utilization  of  both  inland  and  coastal  areas. 

Transportation     Commercial  navigation  is  confined  primarily  to  the  ports  of 

Nlw  Haven,  Bridgeport,  Stamford  and  Norwalk.   The  freight  comprises  imported 

coal  and  oil  and  raw  materials,  and  exported  products  manufactured  in  the  section. 

A  closely  v/oven  netvrork  of  highways  covers  the  entire  basin.   The  Merritt  Park- 
way, now  under  construction  between  the  New  York  State  line  and  the  Housatonic 
River,  is  the  initial  example  of  its  type  of  highway  in  New  England.   The  Con- 
necticut Legislature,  in  the  1937  Session,  approved  extension  of  this  highway 
northeast  to  the  Massachusetts  State  line. 

Adequate  railroad  service  is  provided  by  the  main  line  and  several  branches  of 
the  New  York,  New  Haven  aiid  Hartford  Railroad,  which  centers  in  New  Haven. 

Scheduled  air  transport  service  is  furnished  at  the  New  Haven  and  Bridgeport 
airports;  additional  landing  fields  are  located  at  Madison,  West  Haven,  and 
Norwalk. 
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WATER  USE  AND  CONTROL 


Foll-gtion     An  evaluation  of  the  pollution  problem  in  this  area  must  include 
consideration  of  the  large  amounts  of  industrial  waste,  as  well  as  the  raw  and 
treated  domestic  sewage, which  are  discharged  into  its  water  bodies.   The 
deleterious  effect  of  this  pollution  on  the  public  health  and  economic  value  of 
the  waters  as  recreational  and  shellfish  areas  is  significant. 

The  larger  sources  of  pollution  are  Bridgeport,  New  Haven,  West  Haven,  Stam- 
ford and  Milford,  all  of  v/hich  are  located  on  tidewater.  Branford,  Westport 
and  Darien  present  minor  pollution  problems. 

At  New  Haven,  the  second  largest  city  in  the  state,  about  kofo   of  the  sewage 
is  treated  by  sedimentation,  chlorination  and  barging  of  solids  to  sea,  but 
more  extensive  works  are  needed  to  clean  up  the  present  polluted  condition  of 
New  Haven  Harbor.   The  water  from  the  Qainnipiac  River  is  so  polluted  that  it 
aggravates  rather  than  alleviates  conditions  in  the  H^^rbor.   West  Haven  has 
two  sewage  treatment  plants:   one,  equipped  v/ith  Imhoff  tanks  and  chlorinators, 
V7as  described  in  the  I935  Connecticut  State  Department  of  Health  Report  as  in 
poor  condition;  the  other  plant,  equipped  witn  septic  tanks  and  chlorinators, 
was  classified  as  fair.  Nev/  units,  which  will  employ  chemical  precipitation, 
chlorination  and  vacuum  filtration,  are  under  construction. 

Sewage  from  Bridgeport  is  passed  through  fine  screens,  but  this  treatment  is 
not  adequate.   The  plan  to  include  Bridgeport,  Fairfield.,  Stratford  and  Trum- 
bull in  one  Sanitary  District  deserves  careful  investigation,  since  Fairfield 
is  one  of  the  largest  Nev;  England  towns  which  has  no  organized  sewer  system; 
Trumbull  has  no  sewers;  and  Stratford  has  only  an  inadequate  Imhoff  tank  - 
chlorination  plant. 

Stamford  has  an  effective  Imhoff  tank  -  chlorination  plant,  but  it  is  too  small 
to  handle  peak  discharges.   The  nev.'  Hilford  plant  is  to  employ  the  activated 
sludge-clilorination  process;  it  will  serve  the  center  of  the  town,  and  should 
alleviate  present  harbor  conditions. 

Of  the  smaller  commtmities,  Westport,  Branford  and  Darien  are  of  sufficient 
size  to  need  sewers  and  treatment;  the  tro  latter  have  no  sewers  and  none  of 
the  three  have  treatment. 

Of  the  rivers  discharging  into  salt  water,  the  Quinnipiac  carries  the  most 
waste.  Analyses  at  the  gaging  station  in  Wallingford,  where  the  drainage  area 
is  111  square  miles,  show  the  river  to  be  heavily  polluted  at  all  times,  but 
to  greatest  degree  during  dry  weather  flows.  At  Meriden,  above  Wallingford, 
sand  filters  are  used,  but  raw  sewage  is  b^/passed  d\iring  a  portion  of  the  year; 
according  to  the  State  Department  of  Health  Report  for  I936,  settling  tanks,  ; 
and  probably  even  more  treatment  facilities,  are  neaded. 

Southington,  which  is  also  above  the  sampling  station,  has  septic  tanks,  sajid 
filters  and  sludge  beds.   Wfillingford  has  Imhoff  tanlco  &,nd  sl\i.dgc  beds,  but  do-es 
not  have  equipment  for  treating  industrial  wastes  from  the  metal  works. 
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The  extent  of  oil  pollution  in  the  coastal  waters  of  the  region  is  not  def- 
initely known,  but  the  following  quotation  is  significant: 

"The  mortality  amongst  migratory  wild  fowl  during  the  past  year 
due  to  oil  polluted  water  has,  it  is  reported,  "been  heavier 
than  ever  before,  and  this,  notwithstanding  the  fact  that 
ample  Federal  statutes  for  the  control  of  pollution  hy  oil 
with  heavy  fine  and  imprisonment  attached  have  been  in  ex- 
istence for  many  years,"  (6th  Connecticut  State  Water  Com- 
mission Report. ) 

TJater  Supply     The  communities  in  this  area  are  well  supplied  with  water; 
not  more  than  half  a  dozen  towns  are  without  supplies,   llo  ground  water  so-orces 
are  listed  for  the  area,  and  practically  all  of  the  surface  supplies  are  from 
artificial  reservoirs.  A  large  proportion  of  the  population  is  served  by  the 
Kew  Haven  Water  Company  and  the  Bridgeport  Hydraulic  Company.   The  largest 
publicly-owmed  works  are  at  Meriden  and  Norwalk.   Semi-public  water  works 
predominate.   The  runoff  from  about  one -third  of  the  entire  basin  area  is  used 
for  water  supplies;  hence  the  stream  flow  is  subject  to  more  than  the  usual 
degree  of  regulation. 

The  New  Haven  Water  Company,  serving  more  people  than   any  other  water  system  in 
the  state,  supplies  Bethany,  Branford,  Cheshire,  East  Haven,  Hamden,  New  Haven, 
North  Branford,  North  Haven,  Orange,  West  Haven,  Woodbridge,  Milford  and  Devon. 
The  total  population  of  all  these  towns  is  about  255>000»   The  water  is  a 
chlorinated  surface  supplj^  derived  from  several  sources.   Water  from  the  Lake 
Whitney  source  is  slow  sand-filtered;  that  from  the  Woodbridge  System,  Lake 
Wintergreen,  and  Prospect  Lake  sources  has  maximwn  color  of  UO  parts  per  mil- 
lion, while  the  average  colors  are  22,  22  and  21  p. p.m.,  respectively.   The 
mean  value  of  the  average  color  determinations  for  all  the  larger  supplies  in 
Connecticut  is  ik   p.p.n.   Beaver  Brook  Reservoir,  one  of  two  emergency  supplies, 
has  an  average  color  of  21  p.p.n. 

The  next  largest  supply  in  the  basin,  and  third  largest  in  the  state,  is  the 
Bridgeport  Hydraulic  Company,  which  serves  Bridgeport,  Easton,  Fairfield, 
Stratford,  Trumbull,  Shelton  and  Westport.   The  total  population  of  these  towns 
is  about  209,000.   Surface  sources  are  used  and  in  sijmmer  ammonia  and  chlorine 
are  added  for  sterilization.   Of  the  three  sources  of  supply  in  reg^olar  use, 
the  maximiun  observed  colors  are  50.  ^C>>  a^d.  35  P-p.ni.;  the  corresponding  aver- 
age colors  are  28,  21,  and  23  p. p.m.   In  general,  the  water  is  satisfactory, 
except  for  its  high  color. 

The  Guilford  Division  of  the  Guilford-Chester  Water  Company  serves  Clinton, 
East  River,  Guilford,  Madison,  Old  Saybrook,  Sachem's  Head,  Saybrook  Point, 
and  Y/estbrook.   The  supply,  obtained  from  Kelseytown  Reservoir,  has  an  oxygen 
consumed  value  of  6.0  p. p.m.,  the  fourth  highest  in  the  state,  which  value 
indicates  the  presence  of  much  organic  matter  in  .an  unstable  condition. 

There  are  five  sand-filter  plants  in  this  area,  -  at  New  Haven,  Meriden,  Green- 
wich, Norwalk  and  Wallingford.   Some  sort  of  corrective  treatment,  usiially 
chlorination,  is  employed  ■■^.t  every  system  in  these  basins. 

The  largest  supplies,  those  of  New  Haven,  Bridgeport  and  Stamford,  are  certified 
by  the  U.  S.  Public  Health  Service  as  of  satisfactory  bacterial  quality.   It  is 
required  that  the  quality  of  water  shall  conform  to  standards  set  by  the  State 
Department  of  Health,  and  to  insure  this,  all  supplies  are  periodically  ex.amined 
by  that  Department. 
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Flood  Control     This  is  not,  as  a  rule,  a  flood-producing  region.   However 
in  1936  some  high  discharges  were  recorded  at  two  points  on  the  Quinnipiac, 
and  at  Westport  on  the  Saiagatuck.   They  were  as  follows: 

Drainage 
area 
Hiver  and  Station         (Sq.mi. ) 

Q;ainnipiac 

Fallingford,  Conn.       Ill 
Southington,  Conn,        17 • 6 

Saugatuck 

Westjort,  Conn.  77. U  53IO     62.8 

The  previous  maximum  diecharges  recorded  at  WaJLlingford  and  at  Westport,  oc- 
curring in  193^.  were  I320  and  3IOO  cubic  feet  per  second,  respectively. 

Although  losses  were  sustained  at  points  along  these  rivers  in  1936,  the  oc- 
currence of  floods  is  so  infrequent  that  flood  control  measures  would  not  be 
warranted. 

Power     There  is  little  water  power  developed  on  the  streams  of  this  area. 
The  largest  stream,  the  Qainnipiac  Eiver,  with  its  drainage  area  of  I50  square 
miles,  lias  three  plants  with  installations  totaling  525  horsepower. 

The  total  installed  capo^city  on  each  of  the  several  streams  is  as  follows: 

Ko.  of  plants            Total  Wlieel 
of  more  than.             Capacity 
River  IGO  HP (HP) 

Quinnipiac  3 

Mill  1 

Norwalk  2 

Mianus  1 


Total  7  1260 

Ho  future  development  on  these  rivers  is  anticipated,  although  redevelopment 
might  in  some  cases  result  in  improved  output  of  the  plants. 

Navigation     New  Haven  and  Bridgeport  Harbors,  the  principal  ones  along  this 
coast,  had  in  I936  traffic  amoi^nting  to  3,^7^,317  tons,  and  1,902,351  tons, 
respectively.   The  chief  commodities  handled  were  coal  and  petroleum  products. 

Recent  improvements  have  ^/ro'/ided  deeper  and  wider  channels  and  protective  works 
in  New  Haven,  Bridgeport,  Southport,  and  Five-iviile  River  harbors,  but  to  main- 
tain these  channel  depths  requires  periodic  dredging  r.t  New  Haven  and  Bridge- 
port. Maintenance  work  is  needed  also  at  Branford,  Norwalk  and  Stamford. 
Bridgeport  wharves  are  considered  adequate  for  current  traffic, but  improvement 
of  terminal  and  transfer  equipment  will  be  needed  to  ac:;ommodate  the  increased 
commerce  anticipated  in  tnis  growing  port.   Available  funds  will  soon  be  ex- 
pended to  dredge  Stamford  Harbor  channels. 
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Erosion     The  only  type  of  soil  erosion  found  in  this  area  diirinH:  the  193^ 
reconnaissance  survey  by  the  Soil  Conservation  Service  was  moderate  sheet 
erosion  —  erosion  where  25  to  75  percent  of  the  topsoil  has  been  lost.   The 
damaged  section,  comprising  one  quarter  or  less  of  the  coastal  drainage  area 
between  the  Connecticut  and  Housatonic  valleys,  has  the  shape  of  an  elongated 
and  irregular  fi;gare  seven.   The  bar  at  the  top  of  the  figure  extends  from  the 
Mill  River  to  a  point  east  of  Meriden,  following,  in  general,  the  Connecticut 
divide;  the  leg  follows  the  Pine  River  and  then  swings  east  of  Kew  Haven, 
passing  through  East  Haven  to  New  Haven  Harbor.   A  second  eroded  area,  much 
smaller,  lies  in  the  Wopowaug  River  valley  in  the  central  and  northern  parts 
of  Orange. 

The  Connecticut  coastal  basins  west  of  the  Housatonic  do  not  show  conspicuously 
the  effects  of  erosion. 

Drainage     Along  the  shores  of  Long  Island  Sound  there  are  extensive  marsh- 
lands, many  of  which  are  drained  to  permit  their  residential  use  and  to  reduce 
the  malaria  mosquito  menace  to  nearby  districts.   Inland  swamps,  tho-ugh 
numerous,  are  usually  small,  and  negligible  from  the  standpoint  of  drainage. 

Recreation     The  attractive  Long  Island  Sound  shores,  with  inlets,  harbors, 
and  sandy  beaches,  have  lo2ig  been  appropriated  for  seasonal  recreational  uses. 
Altho-ugh  there  are  several  public  beaches,  they  are  not  adequate  to  meet  the 
needs  of  the  population.   The  development  of  recreation  and  wildlife  areas 
inland  has  been  at  a  slower  pace  than  along  the  sound.   The  inland  streams  have 
many  desirable  features,  and  if  they  coiild  be  used  more  the  tendency  of  pleasure 
seekers  to  overload  coastal  areas  would  be  reduced,  but  so  long  as  inland 
streams  are  carriers  of  wastes,  the  full  benefits  of  recreation  and  wildlife 
use  must  be  foregone. 
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HUDSON  RIVER  TRISUTARIES 


GENERAL  DESCRIPTION 


Tributaries  of  the  Hudson  River  drain  portions  of  western  Massachusetts  and 
southwestern  Vermont.  The  total  area  so  drained  is  about  600  square  miles,  of 
which  about  two-thirds  is  in  Vermont.  The  land  is  generally  rugged  and  ir- 
regular, with  high  mountains  on  the  southern  and  western  borders.  The  geo- 
logical structure  consists  of  granite  covered  with  glacial  deposits  of  sand 
and  gravel;  there  are  alluvial  deposits  in  the  wider  portions  of  the  Hoosic 
Valley. 

About  70^  of  the  entire  basin  is  covered  with  a  fairly  good  growth  of  hard- 
woods, with  some  patches  of  evergreens.  The  valley  lands  are,  in  the  main, 
devoted  to  farming  and  dairying,  while  many  small  industries  are  located  at 
the  falls  along  the  main  streams. 

Rainfall  averages  about  38  inches,  with  half  of  the  total  precipitation  coming 
in  the  five  months  from  May  through  September.   Temperature  averages  about 
22°  in  winter  and  about  66°  in  summer. 

There  are  three  important  streams  in  this  area:   the  Hoosic  River,  its  trib- 
utary, the  Walloomsac  River,  and  the  Batten  Kill. 

The  Hoosic  rises  in  north  central  Berkshire  County,  Liassachusetts  and  flows 
north,  then  northwest,  cutting  across  the  southv.'est  corner  of  Vermont  and 
flowing  into  New  York  State  20  miles  east  of  its  confluence  with  the  Hudson 
at  Mechanicville,  New  York.   The  total  length  of  the  Hoosic  in  New  England 
is  nearly  3O  miles,  and  its  drainage  area,  including  that  of  its  tributary, 
the  Walloomsac,  is  359  square  miles,  or  about  53^  of  the  total  Hoosic  basin. 

The  Walloomsac  rises  in  southern  Bennington  County  and  flows  west,  joining  the 
Hoosic  5  Hiiles  west  of  the  Vermont-New  York  State  line.   The  area  drained  by 
the  Walloomsac  is  about  155  square  miles,  almost  entirely  within  the  state  of 
Vermont. 

The  Batten  Kill  rises  in  northeastern  Bennington  County  and  flows  southwest, 
then  west  across  the  New  York  State  line,  and  thence  to  Schuylerville,  where 
it  flows  into  the  Hudson.   There  is  a  total  fall  of  only  200  feet  in  the 
25-mile  stretch  of  the  river  in  Vermont,  but  there  is  a  fall  of  over  UOO  feet 
in  the  30-mile  New  York  stretch.   That  part  of  Vermont  drained  by  Batten  Kill 
is  2U3  square  miles,  slightly  more  than  half  the  total  drainage  area  of  the 
river. 

Discharge  records  for  these  Hudson  tributaries  have  been  obtained  by  the 
U.  S.  Geological  Survey  in  cooperation  with  the  states  of  New  York,  Vermont, 
and  Massachusetts  at  five  gaging  stations.   Detailed  data  for  the  stations 
can  be  found  in  Water  Supply  Papers  of  the  U.  S.  G.  S. 
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The  figures  in  Table  III-F  are  s-umraarized  from  unpublished  records  in  the 
offices  of  the  U.  S.  G.  S.  District  Engineers  (at  Albany,  N.  Y.  and  Boston, 
Mass.)  as  well  as  from  the  Survey's  Water  Supply  Papers  covering  Part  I,  - 
North  Atlantic  Slope  Basins. 

Hydrographs,  denoting  the  monthly  average  runoff  during  the  last  I5  years  of 
record,  are  shown  on  Chart  Ik  for  the  Hoosic  River  at  Eagle  Bridge,  New  York, 
and  the  Batten  Kill  at  Battenville,  New  York. 

The  mean  annual  runoff  from  the  Hoosic  River  basin,  at  the  Eagle  Bridge 
Station,  is  1.75  cubic  feet  per  second  per  square  mile.   This  station  has 
a  drainage  area  of  5IO  square  miles,  and  has  a  24-year  record. 

The  other  stations  have  short  periods  of  record,  since  all  have  been  con- 
structed within  the  past  eight  years. 
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HUMAN  OCCUPANCY 


19^0 

Population 

21,621 

12,697 

10,62s 

3,900 

Popiilation     The  193^  population  of  this  basin  was  62,000,  of  which  number 
about  43,000  were  in  Massachusetts  and  19,000  in  Vermont.   The  population 
density  was  5O  psr  square  mile  in  the  Vermont  portion,  and  over  200  per  square 
mile  in  Massachusetts:  -  an  average  for  the  basin  of  100  per  square  mile. 
Pour-fifths  of  the  inhabitants  live  in  the  four  largest  communities: 


North  Adams,  Mass. 
Adams,  Mass. 
Bennington,  Vt. 
Wi  1 1  i  am  s  t  o\  ,71 ,  Mas  s . 

North  Adams,  the  trading  center  of  the  Massachusetts  part  of  the  basin,  has 
many  manufactories,  of  which  the  chief  products  are  tc^xtiles;  Adams  and 
Bennington  likewise  have  many  small  manufacturing  establishments .   Williams- 
town  is  primarily  a  college  and  residential  community;  Bennington  is  popular 
as  the  object  of  historic  pilgrimages  and  as  a  summer  resort. 

As  in  most  of  the  hill  country  in  New  England,  the  population  increase  in  re- 
cent times  has  been  small,  less  than  2^  between  I92O  and  I930.   North  Adams 
and  Adams  both  lost  in  population  because  of  the  decline  in  textile  manu- 
facturing. Bennington,  with  more  diversified  man-ufactures  than  the  Massa- 
chusetts cities,  experienced  a  slight  growth.   Trends  indicate  that  the 
future  population  of  the  basin  will  be  the  sane  as  or  slightly  less  than  it 
is  now. 

Agriculture     As  the  topography  of  the  basin  is  for  the  most  part  mountainous 
and  rugged,  farming  is  confined  to  dairying  and  some  general  farming  in  the 
comparatively  small  valley  areas. 

Of  the  total  farm  revenue,  estimated  at  approximately  $3,500,000  in  I93C, 
more  than  one-third  is  contributed  by  dairying.  Farm  land  values  in  the 
Vermont  portion  of  the  basin  are  somewhat  higher  than  in  the  State  as  a 
whole,  probably  because  of  the  fact  that  summer  estates  artificially  raise 
the  value  of  land  classified  as  agricultural. 

There  are  no  indications  that  farming  activity  will  increase  in  the  area. 
On  the  contrary,  it  is  probable  that  many  farms  now  in  use  will  be  purchased 
for  summer  estates,  be  placed  in  public  ownership  as  parts  of  state  or 
national  forests,  or  be  abandoned  and  allov/ed  to  revert  to  forest  land. 

Industry     Most  of  the  industrial  activity  is  centered  in  the  three  com- 
munities of  over  10,000  population.   In  1933  ^^^   6OOO  wage  earners  in  these 
communities  produced  manufactured  products  valued  at  over  $21,000,000.   Prod- 
ucts included  wool  and  knit  goods,  wood  manufactures,  and  fabricated  metal 
wares.   North  Adams  textile  industries  suffered  severe  losses  during  the  de- 
pression, while  the  small  establishments  in  Bennington,  most  of  which  utilize 
native  raw  materials,  weathered  the  depression  fairly  \7ell.   The  future 
success  of  industry  in  this  area  will  depend  largely  on  the  extent  of  diver- 
sification, and  more  particularly  on  the  extent  to  which  the  industries  are 
able  to  utilize  wood  and  other  native  materials. 
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Mining     Marble,  slate  and  lime  have  been  quarried  in  commercial  qiaantities 
in  the  Vermont  portion  of  the  basin.  At  present,  however,  mining  operations 
are  comparatively  inactive,  and  will  remain  so  until  the  market  demand  for 
stone  products  increases. 

Inunbering     Lumbering  and  lumber-using  industries  employ  about  one-fourth 
of  the  total  industrial  workers  in  the  Vermont  part  of  the  basin.   The 
1930  lumber  output  included  6,000,000  board  feet,  as  well  as  large  quantities 
of  cord-wood;  the  principal  merchantable  timber  consists  of  northern  hard- 
woods, particularly  maple  and  birch. 

Although  woodlot  cuttings  are,  and  will  continue  to  be,  important  supplemental 
sources  of  farm  income,  the  future  of  lumbering  in  this  basin  lies  in  the 
degree  to  which  improvements  are  brought  about  by  better  forest  management 
and  to  which  the  demand  for  timber  is  increased  by  expansion  of  local  wood- 
using  industries.   Such  improvements  will  be  facilitated  by  public  ownership 
and  management  of  forests,  since  nearly  one-third  of  the  total  basin  area  is 
included  in  the  purchase  unit  of  the  Green  Moxintain  National  Forest. 

Recreation     Those  portions  of  the  Hudson  River  Basin  which  lie  in  New 
England  are  hilly,  and  contain  no  large  bodies  of  water;  hence  recreational 
uses  do  not  include  those  dependent  on  water.   In  fact,  the  greater  part  of 
the  recreational  investments  are  in  summer  residences.   The  state  of  Massa- 
chusetts has  preserved,  on  publicly-owned  areas,  the  background  for  wilder- 
ness recreation  in  this  region;  in  Vermont  simils,r  procedure  has  been 
initiated  by  the  U.  S.  Forest  Service.  Although  the  population  density  is 
relatively  low,  excessive  pollution  loads  are  imposed  upon  small  streams  by 
discharge  of  untreated  daaestic  and  industrial  refuse.   In  those  streams  where 
it  is  feasible  to  correct  these  conditions,  such  procedure  would  nake  possible 
their  use  for  fishing,  canoeing  and  bathing,  whereas  now  the  rivers  have  little 
recreational  value. 

Transportation     The  larger  cities  and  towns  of  the  basin  are  interconnected 
by  a  system  of  paved  hif,hways,  but  many  riiral  sections  are  served  only  by  ijn- 
surfaced  roads.   Plans  prepared  by  the  State  Planning  Boards  and  the  New 
England  Re.f^ional  Planning  Commission  call  for  improvement,  because  of  their 
significance  in  the  regional  highway  system,  of  one  norta-south  route  passing 
near  but  not  through  Bennington  and  North  Adams,  and  two  east-west  routes, 
one  near  Bennington  and  tne  other  near  Williamstown  and  North  Adams. 

Railroads  serve  all  the  large  communities  in  the  basin.  The  main  line  of  the 
Boston  f>nd  Maine  Railroad  from  Boston  to  the  west  passes  through  North  Adams. 
Other  lines  go  from  North  Adams  through  Adams  to  Pittsfield,  and  from  Rutland 
through  Manchester  and  Bennington  to  Troy  and  New  York. 

There  is  no  scheduled  air  transport  service  from  cmy   point  in  the  basin. 
Landing  fields  at  Bennington  and  Manchester  need  improvement;  construction 
of  a  landing  field  in  the  North  Adams-Williamstown  area  has  been  recommended 
by  the  Massachusetts  State  Planning  Board. 
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Pollution     North  Adams,  Adams,  and  Williamstown,  Massachusetts,  and  Ben- 
nington, Manchester  and  Pownal,  Vermont,  are  the  only  places  which  have 
sewerage  systems.   Of  these,  North  Adams,  employing  settling  tanks  and  sludge 
digestion,  and  Manchester,  employing  sedimentation  and  aeration,  are  the 
only  two  which  treat  their  sewage.   The  State  Department  of  Health  has  rec- 
ommended installation  of  treatment  v;orks  at  Adams  and  Williamstown  in  order 
to  eliminate  these  sourceG  of  pollution. 

Examinations  of  the  Koosic  above  and  belov;  the  North  Adams  treatment  plant 
shov/  that  the  effluent  from  this  plant  does  little  to  pollute  the  river. 
However,  the  domestic  seivage  discharged  at  Adams,  Williamstown,  Cheshire, 
Clarksburg,  together  with  certain  xmtreated  industrial  '.Tastes  discharged  at 
North  Adams,  Adams  ojid  Clarksburg  cause  serious  pollution  of  the  Hoosic  River. 
Analyses  of  "biochemical  oxygen  demand,  chloride  content  and  total  solids  con- 
centration show  that  this  river  below  Adams  is  the  most  polluted  stream  in 
v/estern  Massachusetts;  where  the  Hoosic  eaters  the  state  of  Vermont  it  is 
more  polluted  th'.in  the  Housatonic  where  it  enters  Connecticut. 

An  indication  of  the  amount  of  pollution  carried  by  the  Hoosic  is  the  fact 
that  it  receives  daily  cibout  2  million  gallons  of  iintreated  domestic  wastes 
and  lU  million  gallons  of  industrial  wastes,  a  total  volime  exceeding  the 
minimum  daily  flow  of  the  river  at  the  Massachusetts-Vermont  line.  Removal 
of  pollution  from  industrial  wastes  is  necessary  if  the  deplorable  condition 
of  the  Hoosic  River  is  to  be  corrected.   However,  treatment  of  these  wastes, 
most  of  which  are  discharged  by  textile  and  paper  mills,  would  probably  ne- 
cessitate financial  outlays  too  great  to  be  borne  by  the  industries.   Either 
there  must  be  developed  some  less  expensive  type  of  treatment  of  industrial 
wastes  than  now  exists,  or  the  cost  of  treatment  of  these  wastes  must  be 
defrayed,  at  least  in  part,  from  public  fimds. 

There  are  no  grave  sources  of  pollution  in  the  Vermont  portion  of  the  basin 
except  at  Bennington,  where  domestic  sewage  and  some  industrial  wastes  are 
discharged  into  the  ¥alloomsac  River.   It  is  probable  that  sewage  treatment 
at  Bennington  would  result  in  the  elimination  of  all  serious  pollution  from 
the  river. 

Water  Supply     All  the  larger  centers  of  population  have  organised  water  sup- 
ply systems,  most  of  which  draw  water  from  surface  sources  or  springs. 

In  Massachusetts,  towns  comprising  97^  of  the  basin  population  have  systems. 
Clarksburg,  with  a  population  of  1933 >  is  the  only  large  town  without  one. 
The  Adams  and  North  Adams  supplies  are  publicly  owned;  those  of  Williamstown 
and  Cheshire  are  semi-public.   Chlorination,  seasonal  in  some  cases,  is  used 
in  all  towns  except  Cheshire,  and  chemical  analyses  of  all  these  supplies  in- 
dicate that  they  are  satisfactory.   The  Cold  Spring  source,  which  serves 
Williamstown,  has  a  hardness  of  12S  p. p.m.   Certain  of  the  surface  sources 
of  supply  for  Williamstovm  and  North  Adams  have  v/atersheds  which  lie  partly 
in  Vermont. 

In  Vermont  the  only  tov/n  idthout  a  water  supply  is  Shaftsbury,  with  a  popula- 
tion of  1631.   The  largest  supply,  that  for  Bennington,  is  taken  from  springs 


and  mountain  l:)rooks.   Spring  soiorces  of  supply  predominate.  All  but  the 
Arlington  system  are  publicly  cvned.  Altho-'ogh  none  are  treated,  the  supplies 
appear  to  be  of  satisfactory  bacterial  qioality  with  one  exception:   the  Pownal 
supply  is  taken  from  a  brook  which  shows  positive  B.  coli  tests  fovir  out  of 
five  times.   This  supply  hus  a  hardness  of  I32  p. p.m.,  a  color  of  I5  p. p.m. 
and  a  chloride  content  which  is  higher  than  that  of  other  surface  supplies  in 
the  vicinity. 

Chlorination  could  well  be  used  as  a  precautionary  measure  not  only  at  Pownal 
but  also  at  other  Vermont  towns  where  the  supplies  have  poor  bacterial  records. 

Flood  Control     The  maxiiuum  flood  of  record  on  the  Hoosic  River  occurred  in 
November,  I927,  when  the  peak  discharge  at  Eagle  Bridge,  New  York,  amounted 
to  29, goo  cubic  feet  per  second,'  or  5S.3  cubic  feet  per  second  per  square 
mile.  Flood  damage  cuased  heavy  losses  in  the  cities  within  the  valley.   The 
flood  in  March,  I936,  with  a  peak  discharge  of  23,500  cubic  feet  per  second, 
caused  less  irmxiige. 

The  report  of  the  U.  S.  Army  Engineers,  contained  in  House  Document  6gU,  yist 
Congress,  "'^rd  Session,  listed  11  sites  which  were  studied  and  found  to  be 
suitable  locations  for  detention  basins.   Were  this  system  of  basins  placed 
in  operation,  the  estimated  peak  discharge  for  a  standard  flood  at  Eagle 
Bridge  would  be  reduced  from  76,100  cubic  feet  per  second,  to  6IOO  cubic  feet 
per  second,  or  well  within  the  channel  capacity  at  that  point.  However,  the 
report  indicated  that  the  cost  of  such  a  system  would  be  greatly  in  excess 
of  the  benefits  received. 

The  Engineers  concluded  that  a  reasonable  degree  of  protection  from  ordinary 
floods  could  be  obtained  by  local  channel  improvements.  North  Adajns,  Massa- 
chusetts, would  be  benefited  by  the  clearing  of  the  cxiannel  and  tne  con- 
struction of  drift  barriers  in  the  river  above  that  city.   Such  a  project  has 
already  been  authorized  by  Congress.   To  reduce  flood  damages  on  the  Walloom- 
sac  at  Bennington,  Congress  has  authorized  bank  revetment  and  channel  improve- 
ment, to  cost  approximately  $216,000. 

The  Batten  Kill  valley  experienced  serious  floods  in  1904,  I913,  1927  and  I936. 
The  peak  disciiarges  at  Battenville,  New  York,  for  those  floods  were,  respec- 
tively, 11,700,  SUOO,  21,300,  and  lU,UOO  c.f.s. 

The  estimated  loss  in  1927  was  $300,000,  most  of  which  was  sustained  by  rail- 
roads and  highwa;;-s.  In  I936,  the  estimated  flood  damage  amounted  to  somewhat 
less. 

Investigations  made  by  the  U.  S.  Army  Engineers  and  reported  in  Ho-use  Document 
685,  71st  Congress,  3rd  Session,  revealed  possibilities  for  six  sites  for 
detention  basins,  four  of  v;hich  were  in  Vermont  and  two  in  New  York.   The 
Vermont  sites  were  as  follows: 

Capacity     Estimated 
River  Location (acre-feet)   Cost 

Green  W.  Arlington  6,6UO  $966,000 

Warm  Brook  E.  Arlington  10,100  552,000 

Roaring  Branch  Chiselville  4,700  360,000 

Batten  Kill  Sunderland  1S,300  6SU,000 
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The  cost  of  these  reservoirs,  together  with  the  cost  of  the  New  York  State 
reservoirs,  was  too  great,  in  contrast  to  average  annual  loss,  to  merit  their 
construction.   If  a  flood  control  plan  were  to  be  worked  out,  it  is  probable 
that  the  two  New  York  State  reservoirs  alone  v/ould  show  the  greatest  benefit 
and  the  best  economy.   It  was  estimated  that  the  Shushan  reservoir  would  have 
allowed  the  discharge  belov/  the  site  to  have  remained  in  the  river  channel 
in  the  192?  flood. 

The  reservoirs  recommended  by  the  Vermont  Flood  Control  Committee,  spoken  of 
under  "Power",  would  offer  a  certain  amount  of  flood  benefit.  However,  it 
cannot  be  shown  that  the  flood  benefits  of  any  combinations  of  reservoirs  in 
this  valley  will  approach  the  flood  losses  near  enough  to  bring  them  within 
economical  limits. 

Power     Existing  liydro  plants  of  more  than  100  h.p.  capacity  in  Massachusetts 
and  Vermont  on  the  Hudson  Paver  tributaries  have  wheel  installations  total- 
ling U25O  horsepower.  This  power  is  divided  betv;een  233^  horsepower  in  Massa- 
chusetts and  1920  horsepower  in  Vermont.  All  plsmt  capacities  are  under  1000 
horsepower,  the  largest  being  at  North  Pownal,  Vermont,  on  the  Hoosic  River, 
where  the  wh^el  installation  is  800  horsepower.  Only  one  plant,  that  of  the 
Twin  State  Gas  and  Electric  Company  on  the  Walloomsac  River  at  Bennington, 
Vermont,  is  a  public  utility.   This  plant  has  an  installed  capacity  of  29O 
horsepower  developed  under  a  U3'  head. 

The  following  list  shows  the  location  of  these  pover  plants  by  streams  and 
states  (not  including  iJew  York  State  installa.tions) : 


Total  Wheel 

No. 

of 

Capacity 

River 

State 
Riassachusetts 

Plants 

3 

H.  P. 

Hoosic 

1020 

Hoosic 

Vermont 

1 

800 

So.  Branch,  Hoosic 

Massachusetts 

6 

590 

No.  Branch,  Hoosic 

Massachusetts 

I4 

720 

Walloomsac 

Vermont 

5 

890 

Paran  Creek 

Vermont 

1 

100 

Batten  Kill 

Vermont 

1 

130 

There  are  five  plants  on  the  lower  25  miles  of  the  Hoosic  River,  in  New  York 
State.   These  plants  have  a  total  installed  capacity  of  26,030  h.p.   The 
largest  is  the  Schaghticoke  plant  of  the  New  York  Power  and  Light  Corporation, 
where  17,900  h.p.  are  developed  under  an  average  head  of  about  I52  feet. 
Another  plant  belonging  to  the  same  utility  company,  located  at  Johnsonville, 
develops  536O  h.p. ,  while  a  third,  that  of  the  Twin  State  Gas  and  Electric 
Company  at  Hoosic  Ealls,  develops  1570  horsepower. 


The  storage  on  the  Hoosic  River  is  small  -  76OO  acre-feet  above  the  plant  at 
Schaghticoke,  New  York.   In  House  Document  #684,  71st  Congress,  Third  Session, 
the  U.  S.  Army  Engineers  propose  a  comprehensive  development  of  the  water  power 
resources  of  the  Hoosic  to  include  the  construction  of  five  reservoirs  and 
power  plants  and  the  expansion  and  rehabilitation  of  ten  of  the  existing 
plants.  The  estimated  cost  of  the  plan  is  $11,871,000  -  $5,8lU,000  for  reser- 
voirs and  $0,057,000  for  plants.   The  total  wheel  installation  would  be  nearly 
60,000  horsepower;  the  total  reservoir  capacity  would  be  lUl.OOO  acre-feet, 
to  be  used  for  regi.ilation.  of  the  flow  of  the  river. 
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Two  of  the  five  reservoirs  would  "be  located  in  Massachusetts;  the  remainder 
in  New  York  State.   The  location  of  these  reservoir  sites,  together  with 
pertinent  data,  is  given  below: 

Drainage     Water       Storage  below 
Area        Surface      spillway''  level 
River  and  location (sq.mi. ) (Acres) (acre-feet) 

North  Branch  above  No,  Adams       3U.O        9^0  2S,280 

Green  River  below  Williamstown      32. U        880  35.7^0 

Two  of  the  five  new  power  developments  would  be  located  in  Massachusetts,  the 
remaining  tlaree  in  New  York  State.  One  site  is  on  Green  River  below  South 
Williamsto^TO,  Massachusetts,  where  32O  feet  of  head  would  be  utilized  to  de- 
velop 2600  horsepower  and  to  prodixce  an  annual  output  of  5,600,000  kwh.   The 
second  plant  in  Massachusetts  is  on  the  North  Branch,  above  North  Adams,  \7here 
395  feet  of  head  would  be  utilized  to  develop  33OO  horsepower  and  to  produce 
11,100,000  kwh.  annually. 

The  Army  Engineers  conclude  that  the  plan  presented  woiild  be  feasible  for 
gradual  development  as  the  market  for  new  power  increases. 

In  1930,  an  investigation  of  reservoir  and  power  sites  on  the  Walloomsac  River 
was  made  for  the  Vermont  Advisory  Committee  of  Engineers  on  Flood  Control,  and 
one  storage  auid  power  project,  located  at  Bennington,  Vermont,  was  recommended 
for  future  development.   The  main  dsun  site  is  on  Jewett  Brook  at  its  jxmction 
with  South  Stream.  A  dam  on  Walloomsac  Brook  would  divert  its  flow  into  the 
reservoir.   The  reservoir  would  control  about  68  square  miles  of  drainage  area 
and  would  have  about  15,000  acre-feet  of  storage.   This  storage  could  be  used 
to  increase  tne  lower  water  flov?  by  59  cubic  feet  per  second,  which  would  give 
a  low  water  flow  of  73  cubic  feet  per  second  at  Bennington,  78  at  Paper  Mill 
Village,  and  85  at  North  Hoosic. 

A  head  of  I5I  feet  could  be  developed  at  the  reservoir  site,  and  wheel  in- 
stallations of  3000  horsepower  would  produce  an  annual  output  of  11,000,000 
kilowatt  hours,  over  half  of  which  would  be  primary  power. 

In  addition  to  the  I5I  feet  of  head  at  the  site,  72  feet  would  be  available  at 
five  existing  developments  below  Bennington.   A  total  wheel  capacity  of  55OO 
horsepower,  including  the  Bennington  installation,  v/ould  be  warranted.   The 
total  annual  output  would  be  20,000,000  kilowatt-hours,  of  which  9,000,000, 
or  about  k^)v,    would  be  primary  power. 

The  water  would  be  used  still  further  through  199  feet  of  head  on  the  Hoosic 
River.   The  unit  cost  of  the  total  storage  was  estimated  to  be  $U.79  Pf^r 
million  cubic  feet  per  foot  of  head,  while  the  estimated  cost  of  the  power  de- 
velopment at  the  reservoir  site  was  $386,000,  or  $129  per  horsepower.  Consider- 
ing the  storage  and  power  together,  the  total  cost  was  estimated  to  be 
$2,019,000  -  $36U  per  horsepower  of  the  55OO  horsepower  delivered,  or  1.07<'^  per 
kilowatt-hour. 

This  cost  v^as  considered  high  but,  in  view  of  the  value  of  the  reservoir  for 
flood  control  and  of  the  possibility  of  prorating  the  cost  among  the  plants  on 
the  Hoosic  River  below,  as  well  as  on  the  Walloomsac  River  below  Bennington, 
so  that  the  annual  cost  per  kilowatt-hour  at  the  several  plants  on  the  re- 
spective rivers  would  be  about  0.93(#  and  .75^.  the  conclusion  was  reached  that 
the  project  was  worthy  of  consideration. 


!+07 

Two  reservoir  sites  on  the  Batten  Kill  were  investigated  in  I93O  by  the  Ad- 
visory Committee  of  Engineers  on  Flood  Control  for  Vermont.   The  first  was 
at  Sunderland,  Vermont,  on  the  Batten  Kill,  and  the  second  was  on  7/arm  Brook 
near  Arlington,  Vermont,   The  Sunderland  site  had  a  capacity  helow  spillway 
level  of  ahout  21,000  acre-feet,  the  Warm  Brook  site  about  11,000  acre-feet. 
The  storage  in  these  reservoirs  would  increase  the  low  water  flow  by  a  total 
of  63  cubic  feet  per  second  —  42  cubic  feet  per  second  for  the  Sunderland 
and  21  cubic  feet  per  second  for  the, Warm  Brook  Reservoir.   The  estimated 
costs  were,  respectively,  $1,14-68,000  and  $1,117,000. 

A  power  development  at  Stmderland  to  develop  65O  horsepower  under  3I  ft.  head, 
with  an  annual  output  of  2,100,000  kwh,  was  estimated  to  cost  $39,000.  Another 
development  near  Arlington,  on  Warm  Brook,  would  utilize  about  l62  feet  of 
head  and  develop  1200  horsepower,  producing  U, 300,000  kilowatt-hours  annually. 
The  cost  of  this  development  was  estimated  to  be  $136,000. 

In  their  report  the  engineers  concluded  that  the  cost  of  these  sites  would  be 
such  as  to  preclude  further  consideration. 

The  investigations  of  the  U.  S.  Army  Engineers,  as  discussed  in  House  Document 
#6S5,  71st  Congress,  3rd  Session,  showed  no  economical  storage  or  power  de- 
velopment possibilities  in  Vermont.   A  proposed  reservoir  above  East  Salem, 
New  York,  vrauld  flow  back  to  the  Vermont-New  York  state  line,  but  would 
benefit  plants  in  llew  York  State  only. 

Erosion     The  Massachusetts  portion  of  the  Hoosic  River  basin  has  suffered 
from  soil  erosion  over  approximately  half  its  area.   The  sloping  topography 
has  led  to  gullyinj  of  large  areas  near  Adams  and  along  the  Green  River. . 
Except  in  two  small  areas,  moderate  sheet  erosion  has  already  been  accompanied 
by  gullying. 

The  Vermont  part  of  the  Hudson  basin  has  three  large  eroded  sections.  Along 
the  Batten  Kill  from  Shaftsb-'ory  to  Manchester,  there  is  slight  sheet  erosion 
with  occasional  gullying.   North  of  Manchester  an  area  of  several  square  miles 
evidences  moderate  sheet  erosion  marked  by  occasional  gullies.   The  third 
area,  south  of  Bennington,  is  also  subject  to  moderate  sheet  erosion  and  gul- 
lying.  Unless  improved  land  management  and  foresti-y  practice  are  put  into 
effect,  large  areas  will  be  destroyed  by  erosion. 

Drainage     The  Hudson  tributaries  v/ithin  Hew  England  lie  in  hilly  or 
mountainous  terrain  where  swamp  lands  rarely  occur.   Consequently  the-  need 
for  drainage  in  this  region  is  negligible. 

Recreation     The  high  degree  of  pollution  in  the  main  rivers  of  this  area 
creates  a  serious  recreation  problem,  primarily  because  there  is  so  little 
other  water  available  for  recreational  use.   Even  thovigh  swimming  is  unsafe 
throughout  much  of  the  Hoosic,  nevertheless  that  river  is  frequently  used  for 
this  purpose.   If  it  is  economically  feasible,  pollution  should  be  eliminated 
from  the  Hoosic  and  Walloomsac  rivers.   If  it  is  not,  then  certainly  artificial 
T/ater  bodies  should  be  developed  to  meet  the  denaiid  for  safe  bathing. 

Much  of  this  area  is  still  in  a  semi-wilderness  state;  hence  it  offers  an 
ideal  environment  for  wildlife.   State  protection  functions  as  an  additional 
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factor  in  the  maintenance  of  a  stable  wildlife  population.   Purification  of 
streams  would  help  to  restore  the'  depleted  supply  of  game  fish. 

National  and  State  forests  not  only  conserve  the  runoff  from  large  headwater 
areas  but  also  constitute  ideal  settings  for  many  types  of  wilderness  rec- 
reation in  summer  and  winter. 
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TABLE   III-F 
SUMI/L/lEY  OF   STREAM  FLOW  RECORDS  -   H07SAT0N I C- HUDSON  BASINS 


Location  of  Station 


Drainage   Number  Discharge  in  Cubic  Feet  per  Second 
Area       Years 

Square     of  Max.     Min.   Mean    Peak  Flow 

Miles Record  Day Day    Annual 


Housatonic  River  Basin 


Housatonic  R.  near 

Gt.  Barrington,  Mass. 

280 

23 

at  Falls  Village,  Conn. 

644 

24 

at  Stevenson,  Conn. 

1550 

8 

Ten  Mile  River  near 

Gaylordsville,  Conn. 

?04 

7 

Still  River  near 

70.4 

5 

Lanesville,  Conn. 

8,740  0  525  8,990 

14,200  24  1,028  14,500 

48,600  0  2,190  69,500 

8,620  14  247  10,200 

1,710  10  95.6  2,080 


Shepaug  River  near 
Roxbury,  Conn. 

Pomperaug  River  at 
Southbury,  Conn. 


133 


5,400     6.8    215     7,000 
4,030     5.2    125     6,600 


Nauga'iuck  River  near 
Thoroaston,  Conn, 
near  Naugatuck,  Conn. 

Leadmine  Brook  near 
Thomaston,  Conn. 


73.0 
247 


24.1 


4,300    11      154     5,950 
29      401    18,300 


1,560     0.5     41.7   2,470 


Coastal  Basins 

Quinnipiac  River 

at  Wallingford,  Conn. 

at  Southington,  Conn, 

Eight-Mile  River 

at  Plantsville,  Conn. 


Ill 
17.6 


15. S 


1,620 
516 


524 


9      173     1,750 
3.2     25.9     568 


24.4     75= 


Saugatuck  River 
near  Westport,  Conn. 


4,020 


1.3    137     5,310 


Hudson  River  Basin 
Batten  Kill 
at  Arlington,  Vt. 
at  Battenville,  "N.Y. 


151 
394 


7,520    43      323    11,100 
13,000    77      718    21,300 


410 


SUMILAHY  OF  STB-RIM  ?LOW  EECORDS  -  HOUSATONIC-IT.TIiSON  BASINS 


., ■: 

..,.Area 

Years 

Location  of  Station 

Square 

of 

Max. 

Min. 

Mean 

Peak  Flow 

Miles 

Record 

Day 

Day 

Annual 

Hudson  River  Easin  (cent.) 

Koosic  River 

at  Adams,  Mass 

46.3 

5 

2,410 

12 

90.7 

3,670 

at  Eagle  Bridge,  N.  Y. 

•510 

24 

26,000 

24 

894 

29,800 

North  Branch   -  Hoosic  E. 

at  North  Adans,    Mass.  39  5  3,800  3.8  92  9,930 

Walloomsac  River 

near  No.   Bennington,    Vt.      Ill  5  4,660  4  219  6,600 
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TABLE   IV 

EXPLANATORY  NOTES 
3oncerning  the  table  of 
SilLECTED  DATA  ON   DOlvESTIC  AND  INDUSTRIAL  WASTES 

IN  MTJiaciPALITIES  HAVING  ORGAinZED  SEWER  SYSTEMS 

Column  1.        Town   or   City.      Ivmnicipalities,    arran.-?ed  alphabetically, 

where  available  information  positively  indicated  the  existence  of  an 
organized  sewerage  system. 

Column  2.   Pooulation  13jiO.      Entire  population  of  the  civil  division  as 
reported  by  the  1^30  Census. 

Column  3.   Population  Served.   Best  available  estimate  of  the  persons  servec 
by  an  organized-  system. 

Column  h.        Discharge  in  thousand  gallons  per  day.   The  best  available 
estimate  of  the  volvuiie  of  sewage  discharged. 

Column  5.    Treatment.   Abbreviations,  noted  oelow,  indicate  the  type  of 
treatment  applied  to  the  domestic  wastes. 

Column  6.    Chief  sources  of  Industrial  Wastes.   The  industries  which  com- 
monly pollute  streams  are  indicated  by  concise  reference  to  the  type  of 
plant,  product  or  raw  material. 


Symbols 


No  information  available 


(p) 

Partial 

(s) 

Siunraer  resort 

(3) 

State  institution 

(u) 

College  or  University 

Various 

Several  Indus triess  present 

with 

I  none 

cle 

arly  predominant. 

Milk 

Refers  to  pasteurizing,  ice 

crc 

:ara  and 

.  dairy  plants. 

Fert. 

Fertilizer  factory 

Oil 

Petroleum  products;  storage 

or 

distribut 

ion  plants. 

Gas 

Illuminating  gas  manufacturing  plant. 

Cannery 

Includes  fish  packing. 

Im. 

Imhoff  Ta-nl^ 

A. 

Aeration 

Sp. 

Septic  Tank 

CI. 

Chlorination 

SP. 

Sand  filtration 

St. 

Settling 

P. 

Filtration 

Sc. 

Screening  (fine) 

CP. 

Cesspool 

Br. 

Barging  sludjge  to 

SI. 

Sludge  treatment 

Sm. 

Sedimentation 

AcSl . 

Activated  sludge  plant 

Ir. 

Irrigation 

SOURCES  OF  INFORivtATION 


Unpublished  Data,  State  Planning  Boards 
Unpublished  Data,  State  Health  Departments 
Annual  Reports,  State  Health  Departments 
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TABLE  IV-P 


S3LSCTED  DATA  ON   DOMESTIC  AI'ID   INDUSTRIAL  WASTES 


IN  MUITICIPALITIES  HAVING  ORGANIZED  SETTER  SYSTEI,1S 

Hcu3;.'rni-:o  :^.:',c?. 


Dome 

^■stic   Sevvage 

Industrial 

Discharge 

Wastes 

Pop. 

No.    of 

thous . 

Town  or  City 

1930 

Services 

gal/ day 

Treatment 

Chief   Sources 

Dalton.   Mass. 

U,220 



1,210 

none 

Paper 

Great  Barrington 

5,93^ 
1.141+ 

— 

— 

none   • 

Textiles  &  paper 

Hinsdale 

— 

— 

none 

— 

Lee 

U,o6l 

— 

— 

none 

Paper 

Lenox 

2,7^2  , 

— 

300 

Srn.SF. 

Paper 

Pittsfield 

^9.677 

6,892 

5,600 

Sm.SE.(P) 

Various 

StockbridgG 

1,762 

Served 

240 

SF.(SO^) 

Aiiconia,    Conn. 

13,8^8 

19,000 

3.620 

none 

Brass  and  copper 

Beacon  Falls 

1,693 

1,000 

100 

none 

— 

Danbury 

26,955 

19,000 

4,500 

Sm.Sl.SF. 

Hats  and  gas 

Derby 

lo.ysg 

10,000 

1,300 

none 

— 

Kent 

i,05U 

100 

10 

none 

— 

Litclificld 

3,571+ 
14,315 

1,000 

250 

SF.Cl. 

Laundry 

Na-ugatuck 

13.500 

1.750 

none 

Candy 

New  Milford 

4,700 

2,000 

200 

none 

Cotton 

Newtown 

2,635 

1,100 

150 

Im.Sl.SF. 

— 

Norfolk 

1,29s 

1,200 

300 

Sp.SF.Sl. 

— 

North  Canaan 

2,2S7 

750 

50 

Sp. 

— 

Salislnjiry 

2,767 

700 

100 

Sp. Im.Sl.SF 

.      — 

Seymour 

6,S90 

3,000 

500 

none 

Paper  and  wire 

Sharon 

1,710 

200 

20 

Std.F. 

— 

Shelton 

10,113 

9,500 

1,425 

Im. SI. CI. 55^ 

,  Wire  and  gas 

Thoraaston 

4,l8g 

1,000 

100 

none 

Clocks 

Torrington 

26,04o 

'24,000 

6,500 

none    (l) 

Various    ' 

Waterbary 

99.902 

70.000 

12,000 

none 

Gas  &  metal  goods 

Watertown 

S,192 

2,000 

300 

Im.Sl.F.Sm. 

Silk  and' rayon 

(1)   Treatment   "olant  ujider  construction;    Sm.Sl. 

WESTERN  COmiECTICUT   COASTAL 


Bridgeport,    Conn.          l46,7l6 

147,000 

20,000 

Sc.(P) 

Various 

Cheshire 

3.263 

450 

3? 

SF. 

— 

Greenwich 

33.112 

28,250 

2,19^ 

ira.75^;st 

.25^; 

Sl.Cl.lOO^       — 

Hamden 

19,020 

11,700 

400 

Sm.Br.Cl. 

— 

Meriden 

38,4S1 

28,000 

2,800 

SF. 

Wliite  metal   goods 

Milford 

12,660 

(1) 

— 

(1) 

Laundry 

New  Canaan 

5.^56 

1,575 

300 

SI. SF.Cl. 

— 

New  Havon 

162,655 

162,000 

20,000 

Sm.Br.Cl. 
^3i 

Various 

^STBM  CONl^CglCUT  COASTAL  (continued) 


Dome: 

stic  Se\7age 

Industrial 

Discharge 

Wastes 

Poo. 

thous . 

Town  or   City 

1930 

Served 

gal/ day 

Treatment          Chief   Sources 

Nori.Talk,    Conn. 

36,019 

20,500 

5,000 

Sc.Sra.Sl.Cl.    Cloth  goods 

Eidgsfield 

3,5SO 

1,600 

200 

Sp.Sl.SF. 

South  ington 

9.237 

6,000 

1,000 

Sp.Sl.sr.       Hardware 

Stamford 

56,765 

Uo.ooo 

U,500 

Im.Sl.Cl. 
75f=                  Gas 

Stratford 

19,212 

10,500 

1,000 

I-n.Sl.Cl.        Bralce   lining 

Wallingford 

lU,27S 

13,000 

1,500 

Im.Sl. 

West  Haven 

25, SOS 

23,000 

1,650 

Im.Sl.Cl. (2)     Velvet 

festport 

6.073 

1,500 

150 

none                 Fitre  lioro-d  and 
liquor 

(1)  New  sewer 

(2)  New  plant 


system  and  treatment  plant  under  construction;  Sm.AcSl.Sl.Cl. 
under  construction;  Sra.St.F.Cl. 


Adams,  Mass. 
Korth  Adams 
Williamstown 


Bennington,  Vermont 


Manchester 
Po\¥nal 


HUDSON  RIVER 

12,697 

21,621 

3,900 

Services 

1,300 

none 

S:a.Sl. 

none 

10,62g 

Served 
9,350 

__ 

none 

2,00U 
1,^25 

200 
20 

:: 

S;n.A.(: 
none 

Textiles  &  paper 
Textiles 


Woolens,  paper  & 

clothing 
Milk 
Tannery 
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EXPLANATORY  NOTES 
concerning  tables  of  the 

ORaANIZED  WATER  SIIPPLY  SYSTEMS 


Column  1.  Town  or  city.  Municipalities,  arranged  alphabetically,  where 
available  information  indicates  the  existence  of  aij  organized 
public  or  semi-public  water  eupply  system. 

Column  2,  Population  1930.  Entire  population  of  the  civil  division  as 
reported  by  the  1930  census* 

Colunn  3,   Population  Served.  Best  available  estimate  of  the  persons 
served  by  an  organized  system  (as  for  the  year  1936), 

Column  4,   Consumptioft  in  thousand  gallons  per  day.  Best  ^ivailable 
estimate  of  the  normal  daily  requirement. 

Column  5,   Sources  of  eupply.   The  type  of  source  dravm  from  is  indicated 
by  symbols;*  R.  for  Reservoir,  Pond  or  Lake;  W.  for  Wells, 
either  deep  or  shallow;  Spr.  for  Spring;  Str.  for  Streams. 

Colvunn  6,   "Watershed  area  in  square  miles.  Best  available  estimate  af 
ths.  drainage  area  upon  which  the  water  supply  is  dependent. 

Colupin  7,  Capacity  in  millions  of  gallons.  Best  available  estimate  of 
the  quantity  of  water  stored  by,  or  immediately  available  to, 
the  municipal  supply. 

Column  8,   'fype  of  Treatment.  Available  infortoation  concerning  the 
methods  used  to  improve  the  qiaality  of  the  water  served. 


(2),  etc. 


(S) 

T^ 
(tJ) 
(s) 
(a). 


(t), 


SYMBOLS 

Numerals  enclosed  in  parentheses  indicate  the  number  of  separate 
water  supply  systems  ^hich  serve*  the  municipality.  Where  there 
is  ortly  one  system  no  symbol  4s  necessary, 

-  Includas  State  institution 
Includes  Summer  population  served 
Inaiudes  Colle^Q  or  School 
previa es  Summer  service  only 
etc.   Letters  enclosed  in  parentheses  link  civil  divisions  served 
by  the  same  water  source ?- 

In  column  3  and  4  they  link  municipalities  where  available  in- 
formation does  not  give  the  number  served  in  each  town. 
In  column  5  letter  indicates  that  the  civil  division  imports 
water. 

In  column  6  and  7  letter  indicates  that  the  Qivil  division  ex- 
ports water. 

.Letters  link  municipalities  within  one  state  and  baSin; 
cross-references  between  basins  or  states  appear  jn  footno-bes. 
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symbols  (continued) 


A. 

Aeration 

K. 

Al, 

Alum 

L. 

AlSl. 

Aluminum  sulphate 

MF. 

j;iin. 

Ammonia 

PF. 

A.  iSl . 

Ammonium  sulphate 

pH. 

AS. 

Alum  -  Soda  Ash 

EF. 

cc 

Gorrosive  correction 

S. 

Ci. 

Chlorine 

SF. 

Go. 

Goagulation 

Sm. 

Gil  SI. 

Copper  sulphite 

So  CI 

F. 

Filter 

St. 

IH. 

Iron  removal 

Activated  carbon 
Lime 

Mechanical  filter 
Pressure  filter 
Correction  of  reaction 
Rapid  filter 
Soda  ash 
Slow  filter 
Sedimentation 
Sodium  hypochlorite 
Storage  of  protective 
significance. 


SOUPGES  OF  IlvFOElWTIOlT 


Unpublished  Data,  State  Plarining  Boards 
Unpublished  Data,  State  Health  Departments 
Annual  Heports,  State  Health  Departments 
Anniial  Reports,  Public  Utilities  Commissions 
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TAELS  7I-F 
EXISTING  WATER  POWER  -  HOUSATONIC  -  ITUDSON  BASINS 


EIVEB         NO.  OF        CAPACITY  OF  PLANTS  OF  CAPACITY  USED  TOTAL 

PLANTS  IN  FOR  CAPACITY 
over        1,000  to   under  Horse- 
Ms.  Ct.   10.000  HP.   9.990  HP.   1.000  HP.  Utility  Mfg.  power 

IS, 645  i07,768  15,211  122,979 

4,610  69,148   8,696  77,844 

2,450  120   2,330  2,450 

780  '  0   '  780  780 

2,475  0   2,475  2,475 

5.330  38,500     930  39,430 


lOUSATONIC 

26 

22 

102, 

,500 

6,834 

Main  Stream 

10 

8 

66, 

,400 

6,834 

East  Branch 

8 

0 

0 

0 

Middle  Branch 

5 

0 

0 

0 

Naugatuck 

0 

6 

0 

0 

Others 

3 

8 

36, 

,100 

0 

HUDSON  Ms.  Vt. 

TRIBUTARIES  13  8 

Hoosic  13  1 

Walloomsac  0  6 

Patten  Kill,  0  1 
(others) 


0 

0 

4,250 

290 

3,960 

4,250 

0 

0 

3,130 

0 

3,130 

3,130 

0 

0 

990 

290 

700 

990 

0 

0 

130 

0 

130 

130 

WESTEPJI  CONN. 
COASTALS 

Q,iiinnipiac 

Others 


0  1,260  475  785  1,260 
0  775  475  300  775 
0        485        0     485      485 


PLANTS 
GRAND  TOTAL 
HOUSATONIC,    H'DSOJ 
Aira  W.    CONN. 
COASTALS  76       102,500 


19,155   108,533  19,956  128,489 
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31J^  nWFi  EXISTIT:&  gi'0?.4GE 

HOUSATOiaS-HUDSOH  BASIHS 

Drainage  Water  Storage  Storage 

Area  Surface         Capacity  Equivalent 

Sq.Mi.  Sq.I'ui.  Acre-feet    .   Inches  of  R'xnoff 


HouHatonic  Basin 

L.'Jce   Cr-Mlowood                                          41                       8.3  135,445                           62.* 

Additional   Suorage,    Conn.  6,SC0 

"  "        ,   Mass.  15.000  

Estimated  Total                                    1,950  150,000                             1.5 

*  Water  pujnped  from  Housatonic  Hiver  into  Reservoir  for 
power  purposes. 

HUDSON  'iRIE'JT;.HIES 

Hop sic  Basin 

Clnxksburg  Reservoir   (iTo.Br.)            34                       0.1  250                             0.1 

Choshire  Reservoir        (So. Br.)          _30                       0.6  1 . 540                             1.0 

Estimated  Total                                        204  2,000                             0.2 
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ST.   lAlHENGE  TEIBUTARIES 
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ST.  LAWRENCE  TRIBUTARIES 


GENSRAi  DESCRIPTION 


The  New  England  portion  of  the  St.  Lawrence  basin  coaiprises  that  part  of 
Vermont  which  is  drained  by  the  Richelieu  and  the  St.  Francis  rivers.   The 
principal  sources  of  these  two  tributaries  to  the  St.  La?.Tence  are  Lakes 
Ghamplain  and  Memphremagog,  respectively. 

Lake  Memphremagog,  an  international  lake  about  25  miles  long  and  3  miles  wide, 
drains  U50  square  miles  of  the  most  highly  developed  grazing  coxintry  in  New 
England.   East  of  this  area  are  about  125  square  miles  of  comparative 
wilderness  drained  by  small. streams  which  flow  into  the  St.  Francis  River 
system  below  the  outlet,  in  Canada,  of  Lake  Memphremagog. 

An  area  of  about  43OO  square  miles,  all  that  part  of  Vermont  west  of  the 
Memphremagog  and  Connecticut  River  basins  md  north  of  the  Hudson  River  basin, 
is  drained  by  Lake  Ghamplain,  which  empties  into  the  Richelieu  River  Just 
north  of  the  International  boundary.   The  Lake  and  its  tributary,  the  Poultney 
River,  form  the  New  York-Vermont  boundary  for  a  distance  of  120  miles.   The 
eastern  watershed  of  the  Ghamplain  basin  is,  in  general,  well-defined,  high, 
and  irregular.   In  the  northern  part  of  the  basin,  however,  two  rivers,  the 
Winooski  and  the  Lamoille,  have  broken  through  the  main  ridije  of  the  Green 
Mountains.   The  divide  betv;een  these  rivers  and  the  Connecticut  is  less 
well-defined  than  are  other  parts  of  the  Ghamplain  watershed. 

The  western  slope  of  the  Green  Mountains  has  a  rather  rapid  drop  to  fairly 
low,  rolling  country  —  the  excellent  agricultural  region  known  as  the 
Ghamplain  Valley.   The  predominating  rock  of  the  Green  Mountain  Ridge  is 
granite.   To  the  west  of  this  ridge  are  large  quantities  of  calcareous 
rock,  especially  marble;  ajid  in  the  lowlands  there  are  deposits  of  sand- 
stone, limestone,  slate,  and  schist.   Soils  are  principally  gravel  and 
till  in  the  higher  portions  of  the  basin,  but  much  of  the  fertile  valley 
land  is  clayey  loam  over  thick,  poorly-drained  deposits  of  heavy  clay. 

With  the  possible  exception  of  the  Maine  potato  region,  the  Ghamplain  Val- 
ley is  the  most  intensively  cultivated  part  of  New  England.  Most  of  the 
crop  land  is  in  the  comparatively  level  main  valley,  while  much  of  the 
cleared  pasture  is  on  the  steep  slopes  of  the  tributary  streams.   The 
crest  of  the  Green  Mountains  is  completely  forested  with  mixed  conifers 
and  hardwoods,  and  throughout  the  valleys  there  are  small  scattered  stands 
of  second-growth  timber. 

Precipitation  in  the  Ghamplain  and  Memphremagog  valleys  is  appreciably 
lower  than  in  most  parts  of  New  England.   For  the  basin  as  a  whole  the 
average  is  about  36  inches,  over  half  of  which  amount  falls  in  the  five 
months  of  June  thro-u^h  October.   Temperatures  vary  with  altitude,  the 
average  being  about  20°  in  winter  and  66°  in  s-ummer. 

There  are  five  important  streams  in  the  Ghamplain  basin:  Poultney  River, 
Otter  Creek,  and  the  Winooski,  Lamoille,  and  MissJoouoi  rivers.   In 
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addition  there  are  many  smaller  streeims,  none  of  which  drains  more  than 
90  square  miles. 

The  Poultney  River  rises  in  west  central  Rutland  County,  flows  northwest 
about  10  miles  to  the  State  Line  and  then  twenty  miles  alonj  the  New  York- 
Vermont  State  Line  to  the  South  Say  of  Lalce  Champlain.   The  total  drainage 
area  is  235  miles  of  irref^^ar  agricultural  land. 

Otter  Creek  rises  in  northern  Bennington  County,  flows  north  and  slightly 
west  a  distance  of  over  100  miles  and  empties  into  Lake  Champlain  just 
north  of  Vergennes.   The  drainage  area  of  Otter  Creek  is  9^+3  miles  of 
rolling-to-rugged  farm  and  wooded  country.   Water  surface  amounts  to  less 
than  0,570  of  the  total  area. 

The  Winooski  River  is  the  largest  of  the  eastern  Champlain  tributaries. 
Rising  in  northeastern  Washington  County,  on  the  east  side  of  the  Green 
Mountains,  it  flovvs  southwest,  then  northwest  through  the  Green  Mountains 
to  Lake  Champlain,  just  north  of  Burlington,  a' total  distance  of  nearly 
110  miles.  The  drainage  area  of  IO76  square  miles  includes  some  of  the 
most  rugged  terrain  in  Vermont. 

The  Lamoille  River  also  has  its  source  east  of  the  main  crest  of  the  Green 
Mountains,  in  western  Caledonia  County.   It  flows  northwest  and  west  a 
distance  of  about  90  miles  to  Lake  Champlain  near  Milton.   The  drainage 
area  of  7IO  sqioare  miles  is  rolling  and  irregular  in  the  east,  rugged  in 
the  central  portion,  and  low  and  rolling  near  Lake  Champlain.   The  Lamoille 
River,  one  of  the  steepest  large  rivers  in  New  England,  has  a  total  drop 
of  over  1200  feet. 

The  Missisquoi  River  is  an  international  stream,  crossing  the  Canada- Vermont 
line  twice  in  its  90-inile  coarse  from  western  Orleans  Cotmty  to  Lake  Champlain 
just  south  of  the  Canadian  line.   The  total  area  drained  by  the  Missisquoi 
River  is  8S5  square  miles  of  rolling  and  irregular  country  somewhat  lower 
than  that  drained  by  the  Champlain  tributaries  to  the  south.  About  26O 
square  miles  of  the  drainage  basin  are  in  Canada,  and  the  remaining  625 
square  miles,  including  the  principal  headwater  streams  and  the  entire 
lower  half,  are  in  Vermont. 

The  principal  streams  in  the  Memphremagog  basin  are,  from  west  to  o-ast,  the 
Black,  Barton  and  Clyde  rivers,  all  of  which  enter  the  southern  end  of 
Lake  Memphremagog.  The  Black  River  flows  slightly  east  of  north  a  distance 
of  about  35  miles,  and  drains  an  area  of  92  square  miles.  The  Barton  River 
flows  almost  due  north,  is  about  25  miles  long,  and  drains  186  square  miles. 
The  Clyde  River  flows  northwest,  has  a  total  length  of  30  miles,  and  drains 
IU2  square  miles.  The  Barton  and  Clyde  rivers  have  appreciably  larger 
proportions  of  water  area  than  other  Vermont  streams. 

The  area  to  the  east  of  the  Memphremagog  Basin,  about  I25  square  miles  of 
very  sparsely  developed  country,  is  drained  by  branches  of  the  Massawippi 
River,  which  flows  into  the  St.  Francis  a  short  distance  above  the  outlet 
of  Lake  Memphremagog. 
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Discharge  records  for  these  Vermont  rivers  have  been  obtained  at  numerous 
gaging  stations  by  the  U.  S.  Geological  Stirvoy,  in  cooperation  with  the  state 
of  Vermont.   Detailed  data  for  these  stations  may  be  found  in  Water  Supply 
Paper  -  Part  U  -  St.  La?n:ence  p.iver  Basin,  published  by  the  U.  S.  Geological 
Survey. 

The  figures  in  Table  III-G  are  s-ujmnarized  from  -unpublished  records  in  the 
office  of  the  District  En^^ineer  (U.S.G.S.)  at  Boston,  Massachusetts,  as 
well  as  from  the  Survey's  various  Water  Supply  Papers  covering  Part  U  - 
St.  Lawrence  River  Basin. 

Hydrographs  have  been  drawn  depicting  the  monthly  average  runoff,  in  cubic 
feet  per  second  per  square  mile  for: 

Otter  Creek  at  Middlcbury,  Vermont  (lU  years) 

Winooski  River  at  Montpelior,  Vermont  (I5  years) 

Lamoille  River  at  Johnson,  Vermont  (  8  years) 

Missisquoi  River  at  Richford,  Vermont  {ik  years) 

The  mean  annual  discharge  during  the  period  of  record  at  these  four  stations 
has  been: 

Otter  Creek  (Drainage  Area  G2S  sq.  mi.)  I.5I  c.f.s. 
Winooski  River  (Drainage  Area  U33  sq.  mi.)  I.32  c.f.s. 
Lamoille  River  (Drainage  Area  335  sq.  mi.)  l.Gk   c.f.s. 
Missisquoi  River  (Drainage  Area  k]3   sq.  mi.)  I.90  c.f.s. 

At  stations  on  Lakes  Chajnplain  and  Memphremagog  are  kept  continuous  records 
of  the  variable  lake  elevations. 
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HUmil  OCCUPANCY 


Population     The  jjopalation  of  these  two  basins,  according  to  the  Census 
of  193O,  was  approximately  230,000,  of  which  number  211,000  vrere  in  tlie 
Champlain  Basin.   The  average  population  density  for  the  region  is  Uy  per 
square  mile.   Except  in  certain  luouiitainous  areas  and  a  few  urban  centers 
the  population  is  more  evenly  distributed  than  elsewhere  in  New  En.^land. 

The  only  places  having  over  5OOO  population  in  I93O  were  the  following 
cities: 


Burlington 

2^,789 

Rutland 

17.315 

Barre 

11,307 

St.  Albans 

g,020 

Montpelier 

7.S37 

Winooski 

5.30s 

Newport 

5.09^+ 

Burlington,  the  principal  city  in  the  northern  part  of  the  region,  is  an 
important  industrial,  trade  and  educational  center.   Rutland,  in  the 
heart  of  the  marble  region,  is  the  chief  industrial  point  in  the  southern 
part  of  the  basin.  Montpelier,  the  state  capital,  and.   Barre,  famous  for 
granite,  lie  in  the  Winooski  Valley  east  of  the  Green  Mountains.  All  these 
cities  are  marketing  centers  for  the  surrounding  country.   Tliere  are  in  the 
two  basins  I5  to^ras  which  have  between  25OO  and  5OOO  inh.abitants. 

Between  I92O  and  I93O  the  population  in  this  region  was  increased  by  35^,  v.'hile 
the  increase  for  the  entire  state  was  2%.  A  similar  relationship  was  shown 
between  I9OO  and  1930  v/hen  this  section  had  im   increase  of  nearly  6^  and  the 
state  4.6^.  All  cities  of  more  than  5OOO  population  showed  gains  between 
1920  and  1930*   Ii^  general,  communities  that  gained  lie  in  the  western  low- 
lands adjacent  to  Lake  Champlain  and  in  the  Winooski  valley  in  the  vicinity 
of  Montpelier  and  Bai-re.   Indications  are  that  these  are  the  areas  of  fut^'^re 
growth,  due  probably  to  industry  and  agriculture. 

Agriculture     The  population  is  about  two-thirds  rural,  and  of  the  total 
rural  about  half  is  r'ural-farra.   The  latter  proportion  prevails  throughout 
Vermont.   In  the  Champlain  Valley  the  principal  farming  activities  are 
dairying  sind  potato  tuid  fruit  growing.   Farm  conditions  in  the  western  up- 
lands are  not  so  favorable,  hence  farming  there  is  practically  limited  to 
dairying  and  the  maple  siigar  industry.   The  value  of  farm  products  in  193*^ 
was  $1+1,000,000,  about  two-thirds  of  the  total  for  the  entire  state.  Dairy 
products  accounted  for  about  one-half  of  the  total  revenue,  and  field  and 
orchard  crops  for  more  than  one-third. 

Agricultural  conditions  in  Vermont  are  being  studied  by  stat^?  agencies  and 
efforts  are  boing  made  to  direct  the  industry  along  the  most  effective  lines. 
Unfavorable  farming  and  living  conditions  in  many  parts  of  the  hill  regions 
indicate  the  need  for  r^oral  zoning  .and  abandonment  of  unprofitable  farm  land. 
These  practices  will  bring  about  better  conditions  in  the  farm  life  of  the 
region  and  will  improve  tho  economic  status  of  many  rural  communities. 


■3-im  aiivnbs  wad  aKooac  y^d  j.3aj  Dono-aoavHDjK 
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Industry     In  1929.  industries  in  the  region  employed  15,000  workers  and 
produced  nanufactures  valued  at  $80,000,000,  about  56^  of  the  total  value  of 
Yermont  manufactures.   In  1933.  the  value  of  manufact'Lires  had  dropped  to 
$35,000,000,  and  the  nvjnber  of  wage  earners  to  9,000.   Stone  and  clay- 
products  provided  the  largest  part  of  manufacturing  revenue;  textile  manu- 
factures were  second  in  importance,  and  lumber  products  third.   In  the 
Burlington  region  there  are  textile  mills,  principally  wool,  and  wood  and 
metal-VTOrking  industries.  Rutland  contains  small  iron  and  steel  industries, 
v/ood-working  plants  and  railroad  shops.   Barre  is  the  center  of  granite 
production,  and  also  has  shops  for  the  manufacture  of  stone-working  machinery. 

Althoiigh  industry  suffered  heavy  losses  betv/een  1929  and  1933.  i*  showed 
substantial  recovery  in  the  next  tv/o  years.   The  U.  S.  Census  reports  an 
increase  of  kGfa   in  the  value  of  manufactured  products  between  1933  ^''''■^-   1935 
for  the  state  of  Vermont  as  contrasted  with  an  increase  of  JiOfo   for  all  Kew 
England.   This  may  be  accounted  for  in  part  by  the  fact  that  native  raw 
materials  constitute  the  basis  of  Vermont's  industries,  and  that  for  several 
years  before  the  depression  there  v/as  a  slow,  steady  increase  in  stone  and 
clay  production  and  in  the  man\ifacture  of  V70od  specialties.   The  possibilities 
for  expansion  of  industries  based  on  native  materials  are  riignificant. 

Mining     The  Champlain  basin  is  rich  in  mineral  resoijrces.   The  principal 
marble  quarries  and  finishing  works  are  at  Proctor,  near  Eutl;.ixid;  the  largest 
quarries  of  raoiiumental  granite  in  the  world  are  at  Barre.  Both  tirpes   of 
stones  abound  in  many  parts  of  the  region.   In  PouLtney,  south  of  Rutland, 
slate  is  quarried,  and  asbestos  deposits  are  to  be  found  in  Lamoille  County. 
If  markets  for  stone  products  stay  at  their  present  levels,  progressive  de- 
velcpacnt  will  insui^e  fut'ore  growth  for  the  stone  industries. 

LTombering     This  region  lies  in  the  spruce  and  northern  hardwoods  belt 
which  extends  thro'oghout  northern  New  England.   The  lumber  industry,  which 
employed  in  193^  about  one-fifth  of  the  industrial  workers  of  the  region, 
is  active  in  most  of  the  upland  area,  and  its  products  are  diversified. 

Although  lumber  production  declined  in  1930,  there  was  a  gain  in  the  manu- 
facture of  wood  products.   Increased  application  of  improved  forestry 
practices  such  as  are  in  effect  in  the  National  Forest  will  tend  to  stabilize 
timber  production  from  both  publicly  and  privatel"  ovaied  woodland. 

Recreation     H-undreds  of  sunner  hones  and  camps  lino  the  shores  of  Lake 
Chaiiiplain,  while  in  the  nountain  regions  are  located  many  summer  residences 
and  resorts.   In  the  forests  and  reservations  carefully  planned  facilities 
are  being  developed  for  all  phases  of  recreational  use.   Recroation  is 
recognized  as  one  of  Vermont's  most  valuable  assets. 

The  fluctuating  level  of  La!-:e  Champlain  has  a  direct  bearing  on  the  recreation- 
al value  of  its  shores.   Control  of  this  variation  vdthin  more  desirable 
limitr  will  undoubtedly  preserve  and  add  to  the  basin's  recreational  advantages. 
Such  control  can  be  effected  only  through  cooperation  oy   Vermont,  New  York 
and  Canada. 

Transporto.tion     Navigation  is  confined  to  Lake  Char^plain,  Burlington  being 
the  only  port  in  Ven.iont  of  co;;inercial  importance.   Except  for  maintenance 
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of  a  channel  in  Otter  Greek,  from  the  Lake  to  Vergennes,  little  improvement 
for  navigation  purposes  has  ever  teen  made  on  Vermont  tributaries  to  Lake 
Charaplain  and  there  is  no  economic  justification  at  present  for  additional 
projects. 

There  is  a  good  system  of  highways  in  the  Charaplain  lowlands  and  along  the 

principal  river  valleys;  however,  many  of  the  secondary  roads,  especially 

in  the  more  remote  districts  of  the  Green  Mountains  are  relatively  unimproved. 

Railroad  service  in  the  hasin  is  provided  chiefly  by  the  Rutland  and  Central 
Vermont  Railroads,  with  lines  running  the  entire  longth  of  the  Charaplain 
Valley  and  with  direct  connections  to  Montreal,  Connecticut  Valley  points 
and  the  industrial  centers  of  southern  New  England  and  New  York  State. 
Additional  service  to  the  Connecticut  Valley  is  furnished  by  the  St.  Johns- 
bury  and  Lake  Charaplain  and  by  the  Montpolier  and  Wells  River  Railroads. 

The  Charaplain  Basin  is  crossed  by  the  existing  U.  S.  civil  airways  from  New 
York  through  Burlington  to  Montreal  and  from  Burlington  to  Boston.   Scheduled 
air  transport  service  is  provided  at  the  Burlington  and  Barre-Montpelier  air- 
ports on  the  Boston-Montreal  line.  Regular  service  from  Burlington  to  New 
York  is  desirable,  as  is  the  development  of  an  airway  south  from  Burlington 
through  Rutland  and  the  Green  Mountain  recreation  region  to  Albany  and  New 
York. 
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WATER  USE  AND  CONTROL 


Pollution     The  Champlain  and  Memphremagog  tributaries  are  comparatively- 
free  from  pollution,  although  there  are  many  places  where  the  discharge  of 
domestic  sewage  and,  in  some  cases,  of  industrial  wastes,  creates  a  local 
nuisance.  All  the  larger  municipalities  of  the  hasin  have  sewerage  systems, 
but  only  four  —  Barre  tovm,  St.  Albans  city.  Northfield  and  Alburg  —  have 
treatment  plants.   Several  cities,  notably  Burlington,  Barre,  Rutland  and 
Newport,  cause  polluted  conditions  which  can  probably  be  alleviated  only 
through  the  installation  of  treatment  works. 

Those  towns  which  have  water-supply  but  no  sewerage  systems  are: 


West  Rutland 

3U2I 

Derby 

2165 

Brighton 

2002 

Bristol 

IS32 

Castleton 

1791+ 

Milton 

1663 

Williams tovm 

1608 

Cambridge 

1U02 

Berkshire 

1234 

CaDot 

1107 

Jericho 

1091 

Danby 

1070 

Franklin 

1001 

In  addition  to  these  there  are  11  towns  of  less  than  1000  population  which 
have  public  water  supplies  but  no  sewerage  systems. 

The  large  lakes,  particularly  Champlain  and  Memphremagog,  are  centers  of 
recreational  activity,  and  hence  should  be  comparatively  free  from  pollution. 
Conditions  are  not  bad  at  present  but  precautionary  measures  should  be  taken 
lest  they  become  so.   The  same  general  situation  exists  on  the  larger  streams. 
Their  use  for  recreation  is  great,  yet  their  use  as  carriers  of  waste  is 
likely  to  become  so  great  that  recreational  activity  will  be  jeopardized. 
Below  such  population  centers  as  Rutland,  on  Otter  Creek,  and  Montpelier- 
Barre,  on  the  Winooski,  fish,  sizffocated  because  pollutive  matter  has  so 
reduced  the  amount  of  dissolved  oxygen  in  the  waters,  either  die  or  are 
driven  away.   Only  the  great  amounts  of  fall,  with  consequent  aeration,  pre- 
vent Otter  Creek  and  the  Winooski  River  from  becoming  seriously  polluted. 

Other  streams  where  pollution  is  so  great  as  to  nenace  fish  life  are:   the 
Lamoille,  below  Ilardwick;  the  Missisquoi,  below  Enosburg  Falls;  and  the  Barton, 
below  Barton. 

Water  Supply     The  only  towns  of  over  1000  population  vfhich  do  not  li3,ve 
orgari-ized  water  supply  c^ystens  are: 

Ferrisburg  12S5 
South  Burlington   I2O3 

Newport  town  1193 

Georgia  IO90 

Charlotte  1089 

Hinesbiirg  IOI9 

Sholburne  IOO6 

Practically  all  of  the  water  systems  are  nunicipally  owned;  three-fourths 
have  spring  sources,  supplemented  in  some  cases  by  surface  water  sources. 


Colchester 

2638 

St.  Albans  town 

1691 

Highgato 

I57U 

Sheldon 

1563 

Fairfield 

I5U1 

Pawlet 

iU7d 

Montgomery 

1386 

436 

Of  the  larger  systems,  that  at  Burlington  has  filtration  and  chlorination, 
and  those  at  Rutland  and  Montpelier  have  chlorination.   The  only  other 
systems  which  have  treatment  plants  are  at  Proctor,  Barton,  and  Alburg. 

While  most  sources  of  supply  are  adequate  to  serve  present  and  anticipated 
future  demands,  there  are  many  instances  where  the  water  is  not  so  pure  as 
is  desirahle.   Corrective  measures  needed  are  chlorination,  filtration,  or, 
in  some  cases,  more  careful  protection  of  tributary  watersheds.   The  supplies 
at  Barre  and  Vergennes  have,  at  times,  dangerously  high  "bacterial  content; 
at  Vergennes  water  from  polluted  Otter  Creek  is  used  without  treatment.  Here 
and  at  Milton  the  albuminoid  ammonia  content  has  repeatedly  been  so  high  as 
to  indicate  need  for  treatment. 

At  Rutland,  Montpelier,  Barre,  and  several  smaller  municipalities  the  water 
has  high  color,  odor,  turbidity  and  other  unpleasant  qualities.   The  water 
of  many  towns  is  harder  than  elsewhere  in  New  England.   The  following 
systems,  all  with  spring  sources,  have  the  hardest  water: 

Town  Hardness  in  P. P.M. 

Pittsford  lUU 

,  Shrewsbury  137 

Calais  I32 

Albany  125 

GreenslDoro  120 

Flood  Control     The  valleys  of  this  basin  are  subject  to  excessive  flood- 
ing because  of  their  steep  slopes  and  narrow,  crooked  river  channels.   That 
monetary  flood  losses  here  have  not  been  greater  is  due  only  to  the  fact 
that  there  is  not  so  much  investment  in  real  property  along  these  rivers 
as  on  streams  like  the  lower  Connecticut,  Merrimack  and  Blackstone.  Never- 
theless, a  high  percentage  of  residential,  industrial  and  agricultural  de- 
velopment, as  well  as  all  important  lines  of  communication  and  transportation, 
lie  in  the  valleys  of  the  main  streams.   Hence,  a  damaging  flood  puts  a  stop 
. to  the  normal  activities  of  the  entire  basin. 

The  flood  of  November,  1927i  the  most  serious  on  record  in  this  basin, 
caused  damages  of  over  $20,000,000  and  took  at  least  65  lives  —  55  on  the 
Winooski  River  alone.   The  flood  of  193^  was  not  so  disastrous  here  as  to 
the  east  and  south;  the  runoffs  in  this  latter  flood  were  only  about  half 
so  great  as  those  nine  years  before.   The  only  flood  of  record  which  may 
have  exceeded  the  1927  flood  occurred  in  IS3O,  but  sparsity  of  development 
was  such  that  the  losses  could  not  compare  with  those  suffered  in  either 
1927  or  1936. 

The  1927  flood  was  caused  by  excessive  rainfall  (U  to  10  inches  in  2  days) 
on  ground  already  saturated  by  previous  rainy  weather.  Runoff  reached 
peaks  of  100  c.f.s.  per  square  mile  throughout  most  of  the  basin,  and  rates 
as  high  as  3OO  c.f.s.  per  square  mile  were  recorded  in  some  localities. 
Lack  of  either  natural  or  artificial  storage,  together  with  lack  of  adequate 
groxind  cover  on  many  of  tlie  steep  hillsides,  contributed  to  the  speed  of 
runoff,  naturally  great  because  of  the  steep  slope  of  the  river  valleys. 
Damages  were  greatest  where  bridges,  dams,  and  industrial  development  con- 
stricted channels. 
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Following  the  19^7  flood,  investigations  were  co-rried  on  by  the  Army  En- 
gineers, and  hy  an  Advisory  Committee  of  Engineers  on  Flood  Control  ap- 
pointed by  the  Vermont  Pablic  Service  Commission  at  the  request  of  Governor 
Weeks.   These  investigations  showed  that  the  streams  which  required  most 
consideration  were  the  Winooski,  Lamoille  and  Missisquoi  rivers  and  Otter 
Creek.   Neither  the  minor  tributaries  of  Lal:e  Champlain  nor  the  Memphre- 
magog  tributaries  were  so  susceptible  to  floods  because  they  had  larger 
amounts  of  storage  and  more  gradual  slopes. 

H.  K.  Barrows,  Consulting  Engineer  of  the  Advisory  Committee,  stated  that 
"the  only  scheme  of  flood  control  that  can  be  suggested  as  rational  for 
Vermont  is  by  construction  and  proper  operation  of  power  reservoir  systems, 
by  which  the  flood  hazard  will  be  reduced  to  a  minimum."  Similarly,  the 
Army  Engineers  found  that  the  amounts  of  money  which  mifght  justifiably  be 
spent  for  flood  control  (Winooski  River  $U, 000, 000;  Lamoille  River  $400,000; 
Missisquoi  River  $300,000;  Otter  Creek  $250,000)  would  by  no  means  meet  the 
cost  of  works  necessary  for  such  control.   They  did,  however,  recommend 
channel  improvements  on  the  Winooski  River  at  an  estimated  cost  of  $200,000; 
on  the  Lamoille  River,  $66,000;  on  Otter  Creek,  $72,000. 

Both  the  Consulting  Engineer  and  the  Army  Engineers  recommended  systems  of 
power-storage  reservoirs  for  these  k   rivers  because  of  the  purpose  such 
reservoirs  would  serve  in  controlling  floods.   These  recommendations  will 
be  discussed  in  the  following  section,  "Povrer.  " 

In  193^  it  became  apparent  that  the  construction  of  flood  control  works  in 
Vermont  would  be  justified  by  charging  part  of  the  cost  to  work  relief. 
Accordingly  the  Army  Engineers  selected  three  sites  reconmended  by  them  . 
and  by  the  Consulting  Engineer.   The  sites  were  acquired  by  the  state  of 
Vermont,  and  construction  work,  estimated  to  cost  about  $6,37S,000,  was 
undertaken  by  units  of  the  Civilian  Conservation.  Corj?s  under  super^'ision 
of  the  Army  Engineers.  At  the  East  Barre  and  Wrightsville  sites,  the  ones 
which  had  been  recommended  for  initial  development  by  the  Consulting  En- 
gineer, retarding  basins,  ^.-ith  no  conservation  storage,  had  been  constructed 
and  were  in  operation  by  the  time  of  the  193^  flood,  when  they  demonstrated 
their  effectiveness  in  controlling  all  flood  flows  from  a  total  drainage  area 
of  102  square  miles.   The  reservoir  at  the  third  site,  on  the  Waterbtiry  River, 
was  developed  for  both  flood  control  and  conservation  storage.  Power  rights 
were  reserved  by  the  power  company  which  had  controlled  the  site.   In  I936 
this  reservoir  was  not  yet  ready  to  be  put  in  operation,  but  it  is  now  so 
nearly  complete  that  it  could  be  used  to  control  completely  the  flood  runoff 
from  the  IO9  square  miles  above  it  if  occasion  demanded.   In  addition  to 
the  construction  of  these  three  reservoirs  the  reconstruction  of  a  dam  in 
Montpelier  and  the  improvement  of  channels  on  the  Lamoille  River  and  Otter 
Creek  are  flood  control  measures  taken  in  the  Champlain  Basin  since  the  1927 
flood. 

Power     Water  is  the  prime  mover  for  about  75?o  of  all  utility  power  generated 
in  this  region.  Again,  about  75/0  of  the  104,3^+5  H.P.  of  water  power  installed 
on  the  tributaries  of  Champlain  and  Memphremagog  is  used  to  generate  utility 
power. 


The  only  plants  of  over  5.'^00  hoi-sepower  capacity  are: 

River  Head  Cap.  HP 


Molly's  Falls 

Molly's  Brook  (Winooski) 

360 

6,700 

Essex  Jet. 

^inooski 

5S 

0,^30 

Milton  Village 

Lamoille 

97 

6,400 

Proctor 

Otter  Creek 

120 

6,000 

Sheldon  Springs 

Missisquoi 

72 

5,Uoo 

Missisquoi 

18 

Lamoille 

16 

Winooski 

25 

Otter  Creek 

2S 

Other  Champlain  Tributaries 

5 

Memphremagog  Tributaries 

U 

Utility 
Manuf  ac  tur  i  ng 


The  following  siamiaary  of  all  v/ater  power  plants  of  over  100  horsepower  in 
this  area  was  compiled  from  information  in  the  Boston  office  of  the  U.  S. 
Geological  Survey: 

River  No.  of  Plants  Total  Capacity 

12.585 

IS. 535 

29,970 

35.955 

950 

6,3:0 

Total  96  1011,31+5 

Tlaere  is  a  large  amount  of  potential  power,  mostly  in  small  blocks,  but 
the  development  of  this  pov/er  is  largely  contingent  upon  the  development 
of  storage.   There  is  little  demand  for  secondary  power  in  this  area,  but 
there  is  a  potential  market  for  primary  power,  especially  in  the  Winooski 
and  Otter  Creek  basins. 

The  Consulting  Engineer  on  flood  control  in  Vermont  outlined  an  extensive 
program  for  power  .uad  storage  development  on  all  sizable  rivers  in  the  state. 
The  flood  control  storage  in  such  a  system  would  have  been  incidental,  but 
probably  adeqioate  to  prevent  any  severe  flood  damages  —  flood  waters  were 
to  be  stored  as  a  sixrcharge  above  spillway  level  and  in  that  part  of  the 
reservoir  below  spillway  level  which  happened  to  be,  or  which,  through  care- 
ful prediction  of  runoff  and  regulation  of  water  levels,  could  be  rendered 
empty  when  floods  occurred. 

The  povrer  benefits  of  the  systems  were  to  be  realized  in  three  ways:  by 
developing  power  at  reservoir  sites,  by  developing  new  power  sites,  and  by 
expanding  existing  power  plants  to  take  advantage  of  increased  flows  due  to 
storage.  Proposed  developments  were  classified  into  priorities,  35  of  the 
51  suggested  sites  being  placed  in  the  "better"  sites  group,  and  9  being 
recommended  for  initial  development. 

Pertinent  data  on  the  5I  storage  developments,  and  all  power  developments 
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was  siMnnarized  in  the  final  report  (I93O)  of   the  Advisory  Committee  of 
Engineers  as  follows: 

Missisquoi  Lamoille  Wine 0 ski  Otter  Or.   Others 

Storage  and  Power  Projects  7      12*      10*       lU       g^ 

Storage  Cap.  telow  Spillway 

(A-Ft.)  152,000  224,000   332,000    275,000  127,000 

Storage  Cap.  above  Spillway 

(A-Ft.) 
Cost  of  Storage  (000  omitted) 
Power  Proj.  (Incl.  redcvsl.) 
Total  Head  (Feet) 
Total  Power  (Horsepower) 
Cost  of  Power  (000  omitted) 
Yearly  Output  (Million  Kwhrs) 
Total  Cost  (000  omitted) 
Cost  per  Kwhr  of  Output) 

*At  one  reservoir  on  the  Laaoille,  one  on  the  Winooski,  and  one  on  the  Clyde 
there  would  be  no  power  developments. 

The  9  reservoirs  selected  as  most  desirable  for  initial  development  included 
two  each  on  the  Missisquoi,  Lamoille  and  Winooski  rivers  and  Otter  Creek  and 
one  on  the  Clyde  River,  as  follows: 


76,000 

104,000 

111,000 

159,000 

58,000 

$s.927 

$  9,271 

$11,690 

$10,196 

$3,295 

8 

6 

6 

s 

4 

S05 

2,096 

1,911 

5.192 

1.092 

62,U00 

66,400 

72,500 

94,400 

27,300 

$s.  571 

$7,694 

$6,950 

$9, 86s 

$3,132 

231 

244 

24s 

305 

87 

$17. 49s 

$16,965 

$ls,64o 

$20,064 

$6,427 

0.81<i 

0.74y,' 

0.80^ 

0.71^ 

0.79?' 

cost 

storage  Cost 

Drain- 

Storage 

of 

Capac- 

Power 

per  ac-ft. 

age 

Thoussmd 

Storage 

Head 

ity 

Cost 

per  foot  of 

Area 

Acre-f t . 

$1000 

Feet 

H.P. 

$1000 

head 

Jay  Branch 

132 

19.3 

S8d 

123 

4400 

284 

10.4^ 

Mud  Creek 

32 

16.1 

1185 

150 

1300 

147 

16.7^ 

G-r=;at  pond 

16 

9.2 

165 

525 

2100 

3  80 

1.9^ 

E.  Johnson 

56 

12.4 

449 

297 

3600 

344 

5.8^ 

Jail  Branch 

33 

16.1 

64o 

533 
134 

4500 

420 

5'1'P 

Ko.  Branch 

70 

29.3 

1230 

2000 

200 

11.4;# 

Wallingford 

96 

23.0 

1950 

53 

1500 

222 

19.8^ 

Tinmouth 

28 

15.6 

352 

430 

^500 

302 

2.8(^ 

Salem  Pond 

135 

15.1 

281 

SI 

2600 

355 

7.1(^ 

Of  the  total  storage  costs  (5:7,133,000)  $2,711,000,  or  3S/0,  would  be  charged 
against  power  benefits.  On  that  basis  the  total  costs  of  increased  primary 
power  on  the  five  rivers  concerned  would  be,  respectively,  0.87,  O.32,  I.06, 
1.29,  and  0.28  cents  per  kilowatt-hour.   The  two  sites  selected  for  the 
Winooski  P.iver  (East  Barre  on  the  Jail  Branch  and  Wrightsville  on  the  North 
Branch)  were  developed  an  retarding  basins  in  1935-3°  ^md  hence  have  no 
value  for  power  storage  at  present. 

As  a  result  of  their  studies  the  Army  Engineers  concluded  that  power  storage 
reservoirs  on  the  Missicquoi,  Lamoille,  and  Winooski  rivers  and  on  Otter  Creek 
would  firovide  the  only  economically  feasible  method  of  obtaining  flood  control. 


mk 


As  the  most  effective  initial  programs  the  Army  Engineers  selected  3  sites 
on  the  Missisquoi,  U  on  the  Lamoille,  7  on  ^^e  Winooski,  and  2  on  Otter  Creek. 
In  the  case  of  the  Tifinooski,  they  recommended  Federal  aid  to  the  extent  of 
$1,000,000,  hut  they  felt  that  developments  on  the  other  streams  could  wait 
until  power  demands  were  sufficient  to  justify  the  expenditures  needed  to 
supplement  the  comparatively  small  amounts  of  cost  which  could  be  charged 
against  local  flood  control  benefits. 

Data  on  the  sixteen  sites  selected,  of  which  all  but  the  Himtington  site 
were  included  among  the  "better"  sites  of  the  Vermont  Advisory  Committee, 
selections  are  as  follows: 


Drain- 

Storage 

Cost  of 

Head 

Cap. 

Cost  of 

storage  Cost 

age 

Acre- 

Storage 

Power 

per  acre-ft. 

Area 

ft. 

$1000 

Feet 

H.  P. 

$1000 

per  ft-head. 

Missisquoi 

Jay  Branch 

132 

kk, 800 

1338 

IU2 

5.700 

193 

GM 

Sheldon 

117 

38,600 

IUU2 

30 

1,000 

60 

lU.9i^ 

Tyler  Branch 

58 

12, 500 

891 

53 

900 

62 

26.0(i 

Lamoille 

Brown  River 

75 

30,900 

686 

26 

2,900 

12U 

8.5fJ 

Gihon 

55 

10,300 

729 

233 

5,800 

626 

13.1(^ 

Green  River 

17 

12,500 

201 

65 

1,^50 

60 

l.l^ 

Wild  Branch 

30 

9,300 

895 

81 

1,^50 

1I+2 

13,2^ 

Winooski 

E.Montpelier 

183 

U2,200 

2,193 

62 

i+,Uoo 

2U6 

11.9^* 

E.Barre** 

38 

15.300 

l.OOU 

360 

6,400 

581 

S.9«^ 

S.Barre# 

30 

10,000 

687 

# 

# 

# 

# 

Wrightsville 

**  70 

30,200 

1,3^2 

127 

U,Uoo 

33^ 

11. 2(^ 

More town 

125 

28,700 

925 

Zk 

4,100. 

.  309 

8.2^ 

Waterbury* 

109 

61,500 

2,358 

IU3 

10,000 

■  295 

io.6{^ 

Huntington 

60 

20,U00 

1,232 

220 

5,800 

.  626 

15.9^ 

Otter  Creek 

Wallingford 

96 

17.150 

1,8^5 

5U 

2,200 

226 

23. 5i^^ 

Tinmouth 

18 

15,01+0 

2U3 

510 

U.Uoo 

kkl 

i.9{^ 

*  Constructed,  1935-1937,  according  to  modified  plans. 
**Constructed,  1935-1937,  a^s  retarding  basin  -  no  conservation  storage  or 

power  plant. 

#  Retarding  basin  —  no  conservation  storage  or  power  plant. 


Until  conditions  are  favorable  to  the  development  of  the  power-storage  sites 
mentioned  above,  it  is  unlikely  that  there  will  be  any  significant  measures 
taken  to  effect  flood  control.   The  unlikelihood  of  any  substantial  increase 
in  the  power  market,  the  uncertainty  as  to  what  the  Federal  Government  may 
do  by  way  of  power  development  and  power  regulation,  and  the  losses  incident 
to  the  flooding  of  agricultural  lands  by  storage  reservoirs  make  it  im- 
probable that  much  construction  will  be  undertaJcen  in  the  near  future. 
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Drainage     Large  areas  of  swamp  lands  border  on  Lake  Champlain  and  its 
southern  tributary  streams  (Otter  Creek  and  other  Vermont  streams  toward  the 
west).   There  are  also  many  small  swamps  in  the  northern  portion  of  the 
Champlain  lowland  region.   In  the  eastern  section  of  the  drainage  area  the 
land  is  predominantly  hilly  and  well-drained,  although  there  are  occasional 
pockets  of  marsh  lar^d.   It  is  doubtful  if  the  benefits  from  draining  any  of 
these  swamplands  woiild  be  commensurate  with  the  cost  of  such  drainage. 

Erosion     The  New  England  portion  of  the  Champlain  basin  is  as  seriously 
affected  by  erosion  as  any  New  England  drainage  area.   Moderate  sheet  erosion 
(loss  of  25  to  75  porcent  of  topsoil)  and  occasional  gullying  have  depleted 
the  agricultixral  land  over  about  one-third  of  Addison  County,  both  on  the 
Lake  shore  and  in  the  Otter  Creek  valley.   Similar  conditions  obtain  in 
ymaller  areas  in  the  Poultney,  Missisquoi,  Lamoille  and  Winooski  basins. 
Near  G-eorgia  in  Franklin  County  an  area  of  approximately  four  square  miles, 
the  most  seriously  devastated  in  the  Champlain  basin,  shows  moderate  sheet 
erosion  accompanied  by  frequent  gullying.   Slight  sheet  erosion,  with  oc- 
casional gullies,  appears  in  parts  of  Orleans  and  nearby  counties.  Over- 
intensive  grazing  is  the  chief  cause  of  soil  erosion  in  .these  areas,  and  the 
correction  of  this  practice,  together  with  more  careful  management  of  crop 
and  wood  lands  is  needed  to  stop  the  erosive  process. 

Navigation     Lgike  Champlain  is  connected  with  tiie  Hudson  River  and  the  Great 
Lakes  by  means  of  the  Nevr  York  Barge  Canal  System.   The  Narrows  of  Lake  Champ- 
lain carried,  in  I936,  2,180  tons  of  terminal  traffic  (nearly  all  petroleum 
products)  as  well  as  lUg,925  tons  of  cargoes  in  transit.   The  controlling 
depth  in  the  Narrows  is  12  feet  at  low  lake  level.  Traffic  in  Burlington 
Harbor,  v;hich  has  a  controlling  depth  of  10  feet,  amounted,  in  I936,  to  lUg,925 
tons,  over  9^^  of  which  was  in  petroleum  products.   The  only  other  port  on 
the  Vermont  side  of  the  Lake  is  at  Vergennes,  on  Otter  Creek,  which  lias  a 
controlling  depth  of  6  feet,  but  commercial  shipping  at  this  port  is  negligible. 

Although  in  191?  Congress  authorized  a  channel  200  feet  wide  and  12  feet  deep 
through  the  Narrows,  the  specified  width  has  not  been  dredged.   In  the  opinion 
of  Wg,r  Department  Engineers  the  existing  channel,  I50  feet  wide  except  at  the 
Elbow,  where  the  width  is  only  110  feet,  adequately  serves  the  present  needs 
of  commerce. 

Recreation     The  value  of  recreational  areas  as  a  sotirce  of  income  in  these 
basins  has  been  proven.   Public  and  private  use  is  made  of  the  G-reen  Mountains' 
scenic  appeal  and  of  the  lake  and  pond  shores.   A  relatively  scattered  popula- 
tion with  only  a  ffew  points  of  concentration  practically  eliminates  the  need 
for  large-scale  developments  to  provide  for  local  urban  recreation,  and 
renders  the  region  eminently  suitable  for  s-Lxmraer-resident  occupancy.   In  a 
few  localities  pollution  detracts  from  the  recreational  value  of  streams  and 
lakes,  but  in  most  of  these  instances  the  condition  could,  be  readily  corrected 
by  inexpensive  local  measures. 

Pishing  and  hunting  .are  lucrative  forms  of  recreational  activity,  and  may 
continue  to  draw  large  numbers  of  vacationists  to  the  region  if  adequate  steps 
are  taken  to  preserve  the  natural  habitats  of  fish  and  game.   Chief  among 
these  steps  is  the  protection  of  marshlands  along  the  northern  shore  of  Lake 
Champlain  so  that  their  use  by  migratory  waterfowl  may  continue. 


TABLE   III-G 
SmmilRY  OF  STREAM  FLOW  RECORDS 
ST.    LAWRENCE   TRIBUTARIES 


Location  of  Station 


Lake  Champlain 

at  Burlington,  7t.        8277 

Poultney  River 

below  Fairhaven,  Vt.       187 


Drainage   Mmter  Discharge  in  Cubic  Feet  per  Second 
Area       Years 

Square     of  Max.     Min.   Mean    Peak  Flow 

Miles Record  Day Day    Annual 


(aage  Heights  for  lake 
elevations  only) 


5,300 


225 


8.56 
feet 


6,190 


Otter  Creek 

at  Center  Rutland,  Vt. 
at  Middlebury,  Vt. 

Winooski  River 

at  Montpelier,  Vt. 

at  Essex  Junction,  Vt. 
Jail  Branch  at 

E.  Barre,  Vt. 
No.  Branch  at 

Wrightsville,  Vt. 

Mad  River 

near  Moretown,  Vt. 

Waterbury  River 

at  Waterbury,  Vt, 

Dog  River 

at  Forthfield,  Vt. 

Lamoille  River 
at  Johnson,  Vt. 
near  Milton,  Vt. 

Missisquoi  River 

near  No.  Troy,  Vt, 

near  Richford,  Vt. 

Lake  Memphremagog 
at  Newport,  Vt. 


307 

18 

7,020 

61 

537 

8,580 

628 

20 

11,000 

93 

945 

16,600 

433   . 

17 

15,200 

17 

571 

57,000 

1079 

8 

41 , 600 

95 

1,550 

113,000 

33 

3 

700 

7 

54.5 

1,260 

59.2 

3 

1,620 

0.5 

132 

2,170 

139 

8 

7,020 

1.4 

225 

9,450 

111 

1 

4,160 

22 

285 

5,510 

52 

15(a) 

4,380 

2 

79.7 

8,000 

335 

11 

11,000 

27 

549 

13,000 

723 

7 

21,700 

91 

1,188 

23,000 

131 

4 

4,780 

10 

255 

5,140 

479 

15 

13,100 

8 

911 

45,000 

658 

5 

(Gage  heights  for 

lake 

12.92 

elevations 

only) 

feet 

Clyde  River 

at  Ne^Tport,  Vt.  140 

(a)   This  station  discontinued  in  1934 


17 


3,620 


244 


3,900 
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TABLE  IV 

SXPLA1I.4T0HY  NOTES 
Concerning  the  table  of 
SELECTED  DaTA.  OH  DOivESTIC  AND  INDUSTRIAL  WASTES 

IN  MroilCIPALITIES  HAVING  ORGANIZED  SEWES  SYSTEMS 

Column  1.    Town  or  City.   Municipalities,  arranfi;ed  aluhabetically, 

where  available  information  positively  indicated  the  existence  of  an 
organized  sewerage  system. 

Column  2.   Population  ISjiO.     Entire  population  of  the  civil  division  as 
reported  by  the  193''^  Census. 

Column  3.   Population  Serv^-^d.   Best  available  estimate  of  the  persons  served 
by  an  organized  system. 

Column  U.   Discharge  in  thousand  gallons  iDer  day.   The  best  available 
estimate  of  the  voluLie  of  sewage  discharged. 

Column  5.    Treatment.   Abbreviations,  noted  below,  indicate  the  type  of 
treatment  applied  to  the  domestic  wastes. 

Column  6.    Chief  sources  of  Industrial  Wastes.   The  industries  which  com- 
monly pollute  streams  are  indicated  by  concise  reference  to  the  type  of 
plant,  product  or  raw  material. 

Symbols 

No  information  available 


(P) 

Partial 

(s) 

Summer  resort 

(3^ 

State  institution 

(u) 

College  or  University 

Various 

Several  industries  present  1 

(i'ith 

none 

clG 

arly  predominant. 

Milk 

Refers  to  pasteurizing,  ice 

crc 

am  and  dn 

,iry  plants. 

Fert. 

Fertilizer  factory 

Oil 

Petroleum  products;  storage 

or 

distri 

■  but 

ion  plants. 

Gas 

Illuminating  gas  manufacturing  plant. 

Cannery 

Includes  fish  packing. 

Ira. 

Imtioff  Tank 

A. 

Aeration 

Sp. 

Septic  Tank 

ci. 

Chlorination 

SF. 

Sand  filtration 

St. 

Settling 

P. 

Filtration 

Sc. 

Screening  (fine) 

CP. 

Cesspool 

Br. 

Barging  sludrje  to 

SI. 

Sludge  treatment 

Sm. 

Sedimentation 

AcSl . 

Activated  sludge  plant 

Ir. 

Irrigation 

SOURCES  OF  INFORi^'IATION 

Unpublished  Data,  State  Planning  Boards 
Unpublished  D^i-ta,  State  Health  Departments 
Annual  Reports,  State  Health  Departments 
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TABLE  IV-G 
SELECTED  DATA  ON  DOiffiSTIC  AND  IlIDUSTRIAL  WASTES 
IN  IVIOTIICIPALITIES  HAVING  ORGANIZED   SEWER   SYSTEMS 
LAICE  ICEMPHREIviAGOG  BASIN 


Dome: 

3tic  Sewage 

Discharge 

Lftdustri-al 

Population 

thous. 

Wastes 

Town  or  City- 

1930" 

Served 

gal /day 

Treatment 

Chief  Sources 

Barton,  Vermont 

3469 

2650 



none 

Milk 

Coventrjr 

610 

100 



none 



Iras"burg 

924 

130 



none 

Milk 

Newport  City 

5094 

5000 



none 

Milk 

MISSISOyOI  BASIN 

Alburg,  Vermont 

1609 

350 

— 

St.SF 

Milk 

Bakersfield 

889 

100 

none 

— 

Eno  sbviTg 

2093 

1200 

none 

Milk 

Troy 

1898 

800 

-.^ 

none 

Veneer 

Richford 

2544 

2000 



none 

Plywood 

St.  Altans  City 

8020 

SlOO 



Sm.A.  CI. 

Milk 

S^fanton 

3433 

1500 

LAlvIOILLE 

BASIN 

none 

Milk 

Fairfax,  Vermont 

1249 

40 



none 

— 

Greensboro 

831 

125 

— 

none 

Milk 

Hardwick 

2720 

1700 

1300 

none 

Stone  cutting 
and  milk 

Hyde  Park 

1165 

275 



none 

Tannery  and 
Rendering 

Johnson 

1378 

575 

none 

Woolens  and  Talc 

Morristown 

2939 

1800 



none 

Milk  and  Plywood 

OTTER  CREEK  BASIN 

Brandon,  Vernont 

2891 

2000 



none 

Stone  cutting 

Middle bury 

2968 

2800 



none 

— 

Pittsford 

2332 

800 



none 

— 

Proctor 

2596 

2400 



none 

Stone  cutting 

Rutland';  City 

17315 

17300 



none 

— 

Rutland,^  Town 

1387 

350 

-~_ 

non4 

— 

Vergennes 

1705 

1700 

_— 

none 

Milk 

Wallingford 

1564 

30 





— 

Domestic   Sewa^^e 


Discharge 

Industrial 

Popul 

ation 

thous. 

Wastes 

Town  or  City' 

19S0 

Served 

gal /day 

Treatment 

Chief  Sources 

WINOOSKI  BASIN 

Barre  City, 

Vermont 

11307 

11000 

none 

— 

Barre  Town 

4280 

400 



St.Cl.(P) 

— 

Burlington 

24789 

25000 



none 

Cotton  and 
brushes 

Essex 

2875 

1500 



none 

Milk 

Montpelier 

7837 

6000 



none 

Stone  cutting 

Northfield 

3438 

2400 



P(P) 

Stone  cutting 
and  Woolens 

Kichmond 

1315 

225 



none 

Milk 

Stowe 

1654 

500 



none 

Milk 

Waterbury 

4045 

1776 



none 

— 

Winooski  ■ 

5308 

5200 



none 

Woolens 

POULTNEY  BASIN 

Fair  Haven, 

Vermont 

2614 

2200 

— 

none 

Milk  and  stom 
polishing 

Poultney 

3215 

1570 



non6 

Milk  and  stone 

polishing 
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EXPLANATOEY  NOTES 

concerning  tables  of  the 

CHGANIZED-WATEE  SIIP-PLY  SYSTEMS 


Column  1.  Town  or  city.  M^inicipalities,  arranged  alphabet ically,  where 
available  inforir.ation  indicates  the  existence  of  an  organized 
public  or  semi-public  water-supply  system. 

Column  2.   Population  1930.  Entire  population  of  the  civil  division  as 
reported  by  the  1930  census. 

Column  3,   Population  Served,  Best  available  estimate  of  the  persons 
served  by  an  organized  system  (as  for  the  year  1936). 

Column  4,   Consumption  in  thousand  gallons  per  day.  Best  available 
estimate  of  the  normal  daily  requirement. 

Column  5,   Sources  of  sujiiply.   The  type  of  source  dravm  from  is  indicated 
by  symbols:-  E.  for  Eeservoir,  Pond  or  Lake;  W.  for  Wells, 
either  deep  or  shallow;  Spr.  for  Spring;  Str.  for  Streams. 

Column  6,   "atershed  area  in  square  miles.  Best  available  estimate  of 
the  drainage  area  upon  which  the  water  supply  is  dependent. 


Column  7. 


Column 


Capacity  in  millions  of  gallons, 
the  quantity  of  water  stored  by, 
the  municipal  supply. 


Best  available  estimate  of 
or  imiiediately  available  to, 


lype   of  Treatment.  Available  information  concerning  the 
methods  used  to  improve  the  quality  of  the  water  served. 


SYIvIPOLS 


(2),  etc.   Niimerals  enclosed  in  parentheses  indicate  the  number  of  separate 
water  supply  systems  which  serve  the  municipality.   Wh.ere  there 
is  only  one  system  no  symbol  is  necessary. 

(S)         Includes  State  institution 

(T^         Includes  Summer  population  served 

(U)         Includes  College  or  School 

(s)         ?r'^vi-"es  Slimmer  service  only 

\^) 1    (t),  etc.   Letters  enclosed  in  parentheses  link  civil  divisions  served 
by  the  same  water  source :- 

In  column  3  and  4  they  link  municipalities  where  available  in- 
formation does  not  give  the  number  served  in  each  town. 
In  column  5  letter  indicates  that  the  civil  division  imports 
water. 

In  column  6  and  7  letter  indicates  that  the  civil  division  ex- 
ports water. 

Letters  lin!-:  nu-icipalities  within  one  state  and  basin; 
cross-references  between  basins  or  states  appear  in  footnotes. 
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SjonlDola 

(continued.) 

A. 

Aeration 

Al. 

Al-um 

AlSl.- 

Aliominua   sulphate 

Am. 

Ammonia 

A;nSl. 

Amuonium  sulphate 

^S. 

Alum  -  Soda  Ash 

CC 

Corrosive  correction 

CI. 

Cxilorine 

Co. 

Coagula  ti  on 

CuSl. 

Copper  SiJ-phite 

F. 

Filter 

IH. 

Iron  removal 

K.  Activated  cnrbon 

L.  Lime 

MF.  Mechanical  filter 

PF.  Pressure  filter 

pH.  Correction  of  reaction 

RF.  Ha,pid  filter 

S.  Soda  Ash 

SF.  Slow  filter 

S'.i.  .  Sedimentation 

SoCl.  Sodium  hypochlorite 

St.  Storage  of  protective 
significance. 


SOURCES  OF  INFOmi^TION 


Unpuhlished  Data,  State  Planning  Boards 
Unpuhlished  Data,  State  Health  Departments 
Annual  Reports,  State  Health  Departments 
Annual  Reports,  Riblic  Utilities  Commissions 
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TABLE  -  VI -G 
EXISTING  WATER  POWER  -  ST.    LAWRENCE  TRIBUTARIES 
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RIVER 

NO.  OF 
PLANTS  IN 

Vermont 

CAPACITY  OF  PLANTS  OF      CAPACITY  USED 

FOR 
over        1,000  to   under 
10,000  HP.   9.990  HP.   1.000  HP. Utility  Mfg. 

TOTAL 
CAPACITY 
Horse- 
power 

CHAMPLAIN 
TRIBUTARIES 

92 

0 

82,075 

15,920 

70,615 

27 

,330 

97,995 

Mississquoi 

18 

0 

7,900 

4,685 

2,990 

9 

,595 

12,585 

Lamoille 

16 

0 

16,395 

2,140 

17,515 

1 

,020 

18,535 

Winooski 

9 

0 

18,980 

1,700 

19,240 

1 

,440 

20,680 

North  Branch 

4 

0 

0 

640 

0 

640 

640 

Dog 

4 

.0 

0 

590 

0 

590 

590 

Mad 

3 

0 

0 

990 

670 

320 

990 

Waterbury 

3* 

0 

0 

270 

0 

270 

270* 

Others 

2 

0 

6,700 

100 

6,700 

100 

6,800 

Otter  Creek 

16 

0 

15,300 

2,285 

5,450 

12 

,135 

17,585 

East  Creek 

4 

0 

11.300 

650 

11,950 

0 

11,950 

New  Haven 

4 

0 

0 

700 

250 

450 

700 

Others 

4 

0 

5,500 

220 

5,500 

220 

5,720 

Castleton(Poultney)3 

0 

0 

650 

350 

300 

650 

Others 

2 

0 

0 

300 

0 

300 

300 

ME^J'HREMAGOG 
TRIBUTARIES 

4 

0 

5,700 

650 

6,230 

120 

6,350 

Clyde 

4 

0 

5,700 

650 

6,250 

120 

6,350 

GRAND  TOTAL  96  0  87,775 

*     One   site  for  which  no   data  available. 


16,570   76,845   27,500   104,345 
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TAELE  VII-G:  -EXISTING  STORAGE 
ST.  LAWRENCE  TRIBUTARIES 


Memphremagog  Tributaries 

Seymour  Lake  and  Echo  Pond 
Es-timated  Total 


Drainage 

Water 

Storage 

•  Storage 

Area 

Surface 

Capacity 

Equivalent 

Sq.Mi. 

Sq-.Mi. 

Acre-feet 

Inches  of  Runoff 

Id   24 

8.000 

6.3 

450 



Missisquoi  River 
Estimated  Total 

Lamoille  River 
Estimated  Total 

Winooski  River 

Mollys  Falls  Reservoir 
East  Barre  Reservoir 
Wrightsville  Reservoir 
Waterbury  Reservoir 

Estimated  Total 

Otter  Creek 

Chittenden  Reservoir 
East  Pittsford  Reservoir 
Silver  Lake 
Lake  Dunmore 

Estimated  Total 

Poultney  River 
Bomoseen  Lake 


742 


23 

38 

70 

109 

1,076 


Negligible 

~ 

5,000 

.12 

9,200 

7.5 

12,000 

6.0 

20,500 

5.5 

61.500 

10.6 

105.000 

1.8 

19,500 

3,440 

20.6 

1,840 



5.050 

6.2 

39 


30,000 


1,150 


0.6 


0.6 


NOTE:   Storage  equivalent,  in  inches  of  runoff,  is  computed  on  a  basis  of  all 
storage  above  point  in  question. 
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SOUECES   OP  INFOEMATION 


•167 
GEKSHAL  SOURCES  OF  lUFOBMATION 

The  sources  of  infonnation  listed  below  apply,  in  general, 
to  all  drainage  tasins  in  New  England.  Additional  sources 
studied  in  connection  with  individual  "basins  are  listed  by 
basins. 

Surface  Water  Supply  of  the  United  States 

Part  I,  North  Atlantic  Slope  Drainage  Basin 

U.  S.  Geological  Survey  Water  Supply  Papers  (issued  annually) 

Hew  England  Topographic  Quadremgles 
U.  S.  Geological  Survey. 

The  New  England  Flood  of  November  1927 

U.  S.  G.  S.  Water  Supply  Paper  #636-C  (H.  B.  Kinnison) 

Floods  in  the  United  States 

U.  S.  G.  S.  Water  Supply  Paper  #771,  1936 

Studies  of  Gelations  of  Eainfall  and  Eijinoff  in  the  United  States 
U.  S.  G.  S.  Water  Supply  Paper  #772,  1936. 

Annual  Eeports  of  Chief  of  Engineers  —  U.  S.  Army 

Rivers  and  Harbors  Act  of  1935 

74th  Congress  -  Senate  Committee  on  Commerce,  Eeport  #893 

List  of  Bridges  over  the  Navigable  Waters  of  the  United  States 
U.  S.  Army  -  Chief  of  Engineers  -  1936 

Flood  Control  Act  of  1936 

74th  Congress,  Public  Document  #733 

Annual  Eeport  of  the  National  Forest  Reservation  Commission 
74th  Congress  -  Senate  Document  #144 

Fifteenth  Census  of  the  United  States  -  1930 

U.  S.  Dept.  of  Comn.erce  -  Bureau  of  the  Census 

U.  S.  Census  of  Agriculture  -  1930  and  1935 

U.  S.  Dept.  of  Commerce  -  Bureau  of  the  Census 

Biennial  Census  of  Manufactures 

U.  S.  Dept,  of  Commerce  -  Biireau  of  the  Census 

Statistical  Abstract  of  the  United  States  -  1935 

U.  S.  Dept.  of  Commerce  -  Bureau  of  Foreign  and  Domestic  Commerce 

Commercial  Structure  of  New  England 

U.  S.  Dopt.  of  Commerce  -  Bureau  of  Foreign  and  Domestic  Commerce  -  1929 

Industrial  structure  of  New  England 

U.  S.  Dept.  of  Commerce  -  Bureau  of  Foreign  and  Domestic  Commerce  -  1930 
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Reconnaissance  Erosion  Surveys  (with  maps)  -  1935 

IT.  S.  Dept.  of  Agriculture  -  Soil  Erosion  Service" 

Annual  Reports  of  the  Weather  Bureau 
U.  S.  Dept.  of  Agriculture 

Annual  Reports  of  the  Federal  Power  Commission 

Special  Data  Relating  to  the  New  England  Area 
Interim  Report  -  Power  Series  #1 
National  Power  Survey  -  Federal  Power  Commission 

North  Atlantic  District  Report  upon  Water  Resources 
National  Resources  Board  -  H.  K.  Sarrows  -  1934 

Forests  and  Floods  in  New  Hampshire 

New  England  Regional  Planning  Commission  -  Publication  #47  -  1936 
H.  I.  Baldwin  and  C.  F.  Brooks 

Bills  introduced  into  Congress  and  the  State  Legislatures  relative  to 
Interstate  Compacts 

Various  articles  in  the  Engineering  News  Record  and  the  Journal 
of  the  New  England  Water  Works  Association 


Unpublished  Data  from  many  sources  including  the  following; 

U.  S.  Army  Engineers  -  Boston,  Providence  and  New  York  district  offices 

U.  S.  Biological  Survey 

II.  S.  Forest  Service 

U.  S.  National  Park  Service 

U.  S.  Public  Works  Administration 

U.  S.  Works  Progress  Administration 

Planning  Boards  of  the  New  England  States 

State  Departments  of  Health,  Public  Utilities,  Conservation,  etc. 
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SOUBCES  OF  INFORMATION 

Maine  Basins 

"308"  Reports  of  the  Chief  of  Engineers,  U.  S.  Army: 

Report  on  the  St.  Croix  Kiver 

71st  Congress,  3d  Session,  House  Document  #643,  1930 

Report  on  the  Machias  River 
'  71st  Congress,  3d  Session,  House  Document  #642,  1930 

Report  on  the  Union  River 

71st  Congress,  3d  Session,  House  Document  #648,  1930 

Report  on  the  Penotscot  River 

7l9t  Congress,  3d  Session,  House  Document  #652,  1930 

Report  on  the  Kennebec  River 

71st  Congress,  3d  Session,  House  Document  #658,  1930 

Report  on  the  Androscoggin  River 

71st  Congress,  3d  Session,  House  Document  #646,  1930 

Report  on  the  Presumpscot  River 

71st  Congress,  3d  Session,  House  Documont  #645,  1930 

Report  on  the  Saco  River 

71st  Congress,  3d  Session,  House  Document  #659,  1930 

Report  on  the  Kennebunk  River 

71st  Congress,  3d  Session,  House  Document  #431,  1930 

Report  on  the  Salmon  Falls  River 

71st  Congress,  2d  Session,  House  Document  #485,  1930 

International  Commission  Pertaining  to  the  river  St.  John 

Report  of  Consulting  Engineers  to  the  Commission  -  1912 

Report  on  Shore  Protection  at  Hampton  Beach,  New  Hampshire 
U.  S.  Army  Engineers  -  Beach  Erosion  Board  -  1934 

Maine  gources; 

Annual  Reports  of  the  Maine  State  Department  of  Health  and  Welfare 

Biennial  Reports  of  the  Maine  Piahlic  Utilities  Commission 

Biennial  Reports  of  the  Forest  Commissioner  of  the  State  of  Maine 

Reports  of  the  Maine  Water  Storage  Commission 

Special  Water  Power  Investigation 

Public  Utilities  Com.mission  1918 

First  Annual  Report  of  Maine  Water  Power  Commission  -  1920 
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Public  Water  Supplies  of  Maine 

State  Bept.  of  Health  -  Division  of  Sanitary  Engineering  -  1925 

Heport  on  Watei'  Resources  of  the- State  of  Maine' 

Maine  Development  Commission  -  Power  Survey  Committee  -  1929 

Survey  and  Report  of  River  and' Stream  Conditions' in  the  State  of  Maine 
Report  by  Prof.  C.  L.  Walker  for  the  Committee  of  Pulp  and 
Paper  Manufacturers  -  1930 

Water  Resources  Inventory  and  Plan 

Maine  State  Planning  Board  -  1934 

Passamaquoddy  Tidal  Power  Project 

Maine  State  Planning  Board  -  1934 

Report  of  the  Maine  State  Planning  Board  -  1935 

Unpublished  data  from  the  Maine  State  Department  of  Health,  the  Public 

Utilities  Commission,  the  Forestry  Commissioner  and  the  State  Entomologist. 

New  Hampshire  Sources; 

Biennial  Reports  of  the  New  Hampshire  State  Board  of  Health. 

Annual  Reports  of  the  New  Hampshire  Public  Service  Commission. 

Biennial  Reports  of  the  New  Hampshire  Forestry  Commission 

New  Hampshire  Power 

New  Hampshire  Power  Survey  Commission  -  1926 

Water  Bodies  in  New  Hampshire 

New  Hampshire  State  Planning  Board  -  1934 

State  Planning  in  New  -Hampshire 

Report  of  the  N.  H.  State  Planning  Board  -  1935 

The  Proposed  improvement  of  Rye  Harbor 

N.  H.  State  Planning  &  Development  Comm.ission  -  1935 

Biennial  Report  of  the  N.  H.  Water  Resources  Board  -  1935-1935      -•-  ■' 

Report  on  the  1936  Flood.   N.H.  Flood  Reconstruction  Council  -  Apr. 25,  1936 

New  Hampshire 

First  Biennial  Report  of  the  N.  H.  State  Planning  cS:  Development 
Commission  -  1936-1937 
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SOIIRCES  OF   lUFOIgUTION 

Merrimack  River  Basin 

"308"  Report  of  the  Chief  of  Engineers,  II.  S.  Army,  on  the  Merrimack.  River, 
New  Hampshire  and  Massachusetts 
71st  Congress,  3d  Session,  House  Document  #649,  1930  , 

Proposed  "Merrimack  Valley  Authority  Act" 

74th  Congress,  -  H.  H.  #6233  -  February  27,  1935 

Interstate  Compact  Covering  Flood  Control  in  the  Merrimack  Basin,  1937 

Massachusetts  Sources; 

Annual  Reports  of  the  Mass.  Dept.  of  Public  Health 

Annual  Reports  of  the  Mass.  Dept.  of  Public  Utilities 

Annual  Reports  of  the  Mass.  Dept.  of  Conservation 

Annual  Reports  of  the  Mass.  Metropolitan  District  Commission 

Annual  Reports  of  the  Mass.  Metropolitan  District  Water  Supply  Commission 

Special  Report  of  the  Merrimack  Valley  Waterway  Board  relative  to 

development  of  navigation  and  power  in  and  along  the  Merr^m^ck 
River  -  Mass.  House  Document  #2169,  January  1914 

Report  of  the  Commission  on  Waterways  and  Public  Lands  on  the  Water 
Resources  of  the  Commonwealth  of  Massachusetts 
Senate  #289,  1918 

Report  of  the  State  Dept,  of  Public  Health  and  the  Metropolitan  District 

Commission  upon  the  water  supply  needs  and  resources  of  the  Commonwealth 
Mass.  House  Document  #1550,  1922 

Special  Report  of  the  Dept.  of  Public  Health  relative  to  the  matter  of 
sewerage  and  sewage  disposal  in  the  Valley  of  the  Merrimack 
Mass.  Senate  #492  -  April,  1924 

Report  to  the  Associated  Industries  of  Massachusetts  of  its  Power 
Investigating  Committee  -1924 

Report  of  the  Metropolitan  Water  Siipply  Investigating  Commission 

Mass.  House  Docioment  #900,  1926  (see  also  H  #1724,  1924  -  H  #1239,  1927 
H  #221,  1927  -  H  #402,  1931) 

Report  of  the  Dept.  of  Public  Health  relative  to  the  water  supply  needs  and 
resources  of  the  municipalities  in  Essex  County  and  adjacent  portions 
of  Middlesex  County  with  special  reference  to  Middlesex  CoTinty  and  the 
Merrimack  River  Valley 
Mass.  House  Document  #302,  1927 


Mass.  Water  S^apply  Statistics 

From  1930  Annual  Report  of  the  -Dept-.  of  Public  Health 

Report  of  the  Special  Conmission  directed  to  study  the  use  of  certain 
lands  and  waters  in  the  Commonwealth  for  recreational  purposes 
House  Document  #1300,  1934 

Merrimack  Valley  Trunk  Sewer  Project 
Mass.  Senate  #207,  1935 


An  Act  establishing  the  Merrimack  River  Valley  Sewerage  District  and  > 

defining  its  powers  and  duties  ' 

Mass.  Chap.  446,  1935  ( 

The  Decennial  Census  of  1935  (Mass.)  '? 

Sources  of  Pollution  -  Nashua  River  Valley  I 

Works  Progress  Administration  -  1936  i 

Report  of  the  Special  Commission  established  for  the  purpose  of  studying      I 
and  investigating  the  public  health  laws  and  policies  of  the  Commonwealth 
Mass.  House  Document  #1200,1936 

Progress  Report  on  State  Planning  for  Massachusetts 
Mass.  State  Planning  Board  -  1936 

High  Water  Data  -  Flood  of  March  1936  in  Massachusetts 
Mass.  Geodetic  Survey  (WPA) 

Special  Report  of  the  Dept.  of  Public  Health  relative  to  the  sanitary 

conditions  of  the  Blackstone,  Hoosick,  Housatonic,  and  Nashua  Rivers 
within  the  limits  of  the  Commonwealth 
Mass.  Senate  #50,  1937 

An  Act  establishing  the  Merrimack  Valley  District  and  the  Merrimack  Valley 
District  Commissioners 
Mass.  House  Document  #1421,  1937 

New  Hampshire  Sources; 

Biennial  Reports  of  the  N.  H.  State  Board  of  Health 

Annual  Reports  of  the  N.  H.  Public  Service  Commission 

Biennial  Reports  of- the  N.  H.  Forestry  Commission 

New  Hampshire  Power 

N.  H.  Power  Survey  Commission,  1926 

Power  Storage  Projects  in  Nev7  Hampshire 

H.  K.  Barrows,  Consulting  Engineer,  Sept.  20,  1933 

Report  iTOon  Five  Storage  Reservoir  Projects  in  the  State  of  N.  H. 
H.  K.  Barrows,  Consulting  Engineer,  Nov.  20,  1933 
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Conservation  of  Waters  in  New  Hampshire 

Metcalf  &  Eddy,  Engineers  -  Jan.  29,  1934 

Report  upon  Storage  and  Power  Projects  in  the  State  of  N.  H. 
H.  K.  Barrows,  Consulting  Engineer  -  Mar.  30,  1934 

Report  upon  sanitary  conditions  of  Contoocook  River  and  extent  and 
probable  cost  of  sewage  treatment  required  -  Feb.  23,  1934 

Water  Bodies  in  New  Hampshire 

N.  H.  State  Planning  Board  -  1934 

State  Planning  in  New  Hampshire 

Report  of  the  N.  H.  State  Planning  Board  -  1935 

Biennial  Report  of  the  N.  H.  Water  Resources  Board  -  1935-1936 

Report  on  the  1936  Flood 

N.  H.  Flood  Reconstruction  Council  -  April  25,  1936 

New  Hampshire 

First  Biennial  Report  of  the  N.  H.  State  Planning  &  Devrlopment 
Commission  -  1936-1937 
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SQTTECES  OF  INFOBMATIOU 

Massachusetts  Coastal  Basins 

Annual  Reports  of  the  Mass.  Dept.  of  Public  Health 

Annual  Reports  of  the  Mass.  Dept.  of  Public  Utilities 

Annual  Reports  of  the  Mass.  Dept.  of  Conservation 

Annual  Reports  of  the  Mass.  Metropolitan  District  Commission 

Annual  Reports  of  the  Mass.  Metropolitan  District  Water  Supply  Commission 

Report  of  the  Commission  on  Waterways  and  Public  Lands  on  the  Water  Resources 
of  the  Commonwealth  of  Massachusetts.   Senate  #289  -  1918 

Report  of  the  State  Dept.  of  Public  Health  and  the  Metropolitan  District 

Commission  upon  the  water  supply  needs  and  resources  of  the  Commonwealth 
House  #1550  -  1922 

Report  to  the  Associated  Industries  of  Massachusetts  of  its  Power 
Investigating  Committee  -  1924 

Report  of  the  Metropolitan  Water  Supply  Investigating  C'ommission 
Mass.  House  Document  #900  -  1926  (See  also  H  -  #1724,  1924  - 
H  #1239,  1927  -  H  #221,  1927  -  H  #402,  1931) 

Report  of  the  Dept.  of  Public  Health  relative  to  the  water  sunply  needs 
and  resources  of  the  municipalities  in  Essex  County  and  adjacent 
portions  of  Middlesex  County  with  special  reference  to  the  County 
of  Issex.  Mass.  House  Document  #301,  1927 

Special  Report  of  the  Dept.  of  Public  Health  and  the  Metropolitan  District 
Commission  relative  to  Spot  Pond  Brook  in  the  town  of  Stoneham  and 
cities  of  Melrose  and  Maiden.   Mass  House  Document  #151,  1933 

Report  of  the  Special  Commission  directed  to  study  the  use  of  certain  lands 
and  waters  in  the  Commonwealth  for  recreational  purposes 
Mass.  House  Document  #1300,  1934 

High  Water  Data  -  Flood  of  March  1936  in  Massachusetts 
Mass.  Geodetic  Survey  (W.P.A.) 

The  Decennial  Census  of  1935  (Mass.) 

Report  of  the  Special  Commission  established  for  the  purpose  of  studying 

and  investigating  the  public  health  laws  and  policies  of  the  Commonwealth 
Mass.  House  Document  #1200,  1936 

Progress  Report  on  State  Planning  for  Massachusetts 
Massachusetts  State  Planning  Board  -  1936 


SOURCES   OF    INFOBIAATION 

Thame s-Blackstone-Taunton  Basins 

"308"  Reports  of  the  Chief  of  Engineers,  U.  S.  Army: 

Report  on  the  Thames  River 

71st  Congress,  3d  Session,  House  Document  #644,  1930 

Report  on  the  Pawcatuck  River 

71st  Congress,  2d  Session,  House  Document  #49,  1930 

Report  on  the  Pawtucket  River  (Listed  in  this  report  as  Blackstone  River) 
71st  Congress,  2d  Session,  House  Document  #50,  1929 

Report  on  the  Taunton  River 

71st  Congress,  2d  Session,  House  Document  #51,  1920 

Massachusetts  Sources; 

Annual  Reports  of  the  Mass.  Dept.  of  Public  Health 

Annual  Reports  of  the  Mass.  Dept.  of  Public  Utilities 

Annual  Reports  of  the  Mass.  Dept.  of  Conservation 

Annual  Reports  of  the  Mass.  Metropolitan  District  Commission 

Annual  Reports  of  the  Mass.  Metropolitan  District  !!7ater  Supply  Commission 

Report  of  the  Commission  on  Waterways  and  Public  Lands  on  the  Water  Resources 
of  the  Commonwealth  of  Mas'^.achusetts.   Senate  #289,  1918 

Sanitary  Conditions  of  the  Blackstone  River.  Mass.  House  Document  #1246,  1920 

Report  to  the  State  Dept.  of  Public  Health  and  the  Metropolitan  District 

Commission  upon  the  water  supply  needs  and  resources  of  the  Commonwealth 
House  #1550,  1922 

Report  of  the  Associated  Industries  of  Mass.  of  its  Power  Investigating 
Committee  -  1924 

Mass.  Water  Supply  Statistics 

From  1930  Annual  Report  of  the  Dept.  of  Fablic  Health 

Report  of  the  Special  Commission  directed  to  study  the  use  of  certain 
lands  and  waters  in  the  Commonwealth  for  recreational  purposes 
House  #1300,  1934 

The  Decennial  Census  of  1935  (Mass.) 

High  Water  Data  -  Flood  of  March  1936  in  Mass.   Mass.  Geodetic  Survey  (WPA) 

Report  of  the  Special  Commission  established  for  the  purpose  of  studying 

and  investigating  the  public  health  laws  and  policies  of  the  Commonwealth 
Mass.  House  #1200,  1936 
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Progress  Beport  on  State  Planning  for  Massachusetts 
Mass.  State  Planning-  Board,  1936 

An  Act  establishing  the  Blackstone  River  Valley  District  and  regulating 
its  powers  and  duties.  Mass.  Senate  #102,  1936 

Sources  of  Pollution,  Blackstone  River  Valley  -  Works  Prog.  Adm,  1936 

Special  Report  of  the  Dept.  of  Puhlic  Health  relative  to  the  sanitary 

conditions  of  the  Blackstone,  Hoosick,  Housatonic,  and  Nashua  rivers 
within  the  limits  of '  the  Commonwealth.  Mass.  Senate  #50,  1937 

Rhode  Island  Sources; 

Annual  Reports  of  the  R.  I.  Dept.  of  Public  Health 

Annual  Reports  of  the  R.  I.  Public  Utilities  Commission 

Annual  Reports  of  the  R.  I.  Board  of  Purification  of  Waters 

Annual  Reports  of  the  R.  I.  Dept.  of  Agriculture  and  Conservation 

Water  Resources  of  Rhode  Island 

R.  I.  Commission  on  Sources  of  Water  Suoply  for  Cities  and  Towns,  1928 

Report  on  the  Status  of  Pollution  in  the  Waters  in  Rhode  Island 
R.  I.  Dept.  of  Public  Health  -  1935 

Rhode  Island  Water  Resources 

R.  I.  State  Planning  Board  Special  Report  49,  1936  -  0.  Perry  Sarle 

Annual  Reports  of  the  R.  I.  State  Planning  Board  1935,  1936 

Rhode  Island  Census,  1936.   R.  I.  Census  Bureau 

Conjiecticut   Sources; 

Annual  Reports  of  the  Conn.  State  Dent,  of  Health 

Health  Bulletins.   Conn.  State  Dept.  of  Health 

Biennial  Reports  of  the  Conn.  State  Water  Commission 

Biennial  Reports  of  the  Conn.  State  Park  and  Forest  Commission 

Report  of  the  Commission  to  investigate  the  pollution  of  streams  to  the 
General  Assembly  -  January  Session  1923 

Report  on  Water  Resources  of  Connecticut 
Connecticut  State  Water  Commission 

Watershed  pollution  study.   Connecticut  State  Planning  Board,  1934 

Compenditim  of  Studies  and  Maps 

Conn.  State  Planning  Board  -  January  1,  1937 


SOURCES  OF  IKFOBMATIOK 

Connecticut  River  Basin 

"308"  Reports  of  the  Chief  of  Engineers,  U.  S.  Army: 

Report  on  a  preliminary  examination  and  survey  of  the  Connecticut 
River  below  Hartford,  Connecticut 

73d  Congress,  1st  Session,  House  Document  #49,  1930 

Report  containing  a  general  plan  for  the  improvement  of  Connecticut 
River  in  Connecticut,  Massachusetts,  New  Hampshire  and  ?ermont. 
74th  Congress,  2d  Session,  House  Document  #412,  1936 

Surface  Waters  of  Massachusetts 

U.  S.  Cr.  S.  Water  Supply  Paper  #415,  1916  -  C.  H.  Pierce  and  H.  J.  Dean 

Surface  Waters  of  Vermont 

U.  S.  G.  S.  Water  Supply  Paner  #424,  1917  -  C.  H.  Pierce 

Ground  Water  in  Connecticut 

Certain  Areas  in  the  Connectic-it  River  hasin  covered  in  the  U.  S.  G.  S. 
Water  Supply  Papers:  #374,  1916  -  #449,,  1920  -  #470,  1920  -  #466,  1921 

Surface  Waters  of  Massachusetts 

IT.  S.  G.  S.  Water  Supply  Paper  #561,  1923 

Proposed  "Connecticut  Valley  Authority  Act" 

74th  Congress,  K.  R.  #4979,  Jan.  29,  1935 

Interstate  Compact  Covering  Flood  Control  in  the  Connecticut  Basin,  1937 

Connecticut  Sources; 

Annual  Reports  of  the  Connecticut  State  Dept.  of  Health 

Health  Bulletins.   Connecticut  State  Dept.  of  Health 

Biennial  Reports  of  the  Connecticut  State  Water  Commission 

Biennial  Reports  of  the  Connecticut  State  Park  and  Forest  Com.mission 

Report  of  Commission  to  Investigate  the  Pollution  of  Streams  to  the 
General  A^sem.bly  -  January  Session  1923 

Report  on  Water  Resources  of  Connecticut 
Conn,  State  Water  Commission 

Watershed  Pollution  Study.   Connecticut  State  Planning  Boarri  -  1934 

Compendium  of  Studies  and  Maps.   Conn.  State  Planning  Board  -  Jan.  1,  1937 

Massachusetts  Sou.rces; 

Annual  Reports  of  the  Mass.  Dent,  of  Public  Health 

Annual  Reports  of  the  Mass.  Dex^t.  of  Public  Utilities 


Annual  Eeports  of  the  Mass.  Dept.  of  Conservation 

Annual  Eeports  of  the  Mass.  Metropolitan  District  Commission 

Annual  Eeports  of  the  Mass.  Metropolitan  Di;:trict  letter   5'npl--  Cormission 

Eeport  of  the  (Mass.)  Connecticut  Valley  Waterway  Board  of  an  investigation 
of  the  Connecticut  Eiver  -  March,  1913 

Eeport  of  the  Commission  on  Waterways  and  Public  Lands  on  the  Water 
Eesources  of  the  Commonwealth  of  Mass.    Senate  #289,  1918 

Report  of  the  State  Dept.  of  Public  Health  and  the  Metropolitan  District 

Com.mission  upon  ths  water  supply  needs  and  resources  of  the  Commonwealth 
Mass.  House  Document  #1550,  1922 

Eeport  to  the  Associated  Industries  of  Mass.  of  its  Po^er  Investigating 
Comnittee  -  1924 

Eeport  of  the  Metropolitan  Water  Supply  Investigating  Committee 

Mass.  House  Document  #900,  1926  (see  also  H  #1724,  1924  -  H  #1239,  1927 
H  #221,  1927  -  H  #402,  1931)- 

Eeport  of  the  Dept.  of  Public  Works  relative  to  protection  against  floods 
in  the  Connecticut  and  Hoosac  Eiver s 
Mass.  House  Docoinent  #111,  1929 

Mass.  Water  Supply  Statistics 

From  1930  Annual  Eeport  of  the  Dept.  of  Public  Health 

Eeport  of  the  Special  Commission  directed  to  study  the  use  of  certain 
lands  and  waters  in  the  Commonwealth  for  recreational  purposes 

House  Document  #1300,  1934 

Connecticut  Eiver  Watershed  -  Stream  Condition  Survey 

Springfield  City  Planning  Board  in  cooperation  with  National 
Eesources  Board,  District  #1  -  1934 

The  Decennial  Census  of  1935  (Mass.) 

High  Water  Data  -  Flood  of  March  1936  in  Mass. 
Mass.  Geodetic  Survey  (WPA) 

Eeport  of  the  Special  Commission  established  for  the  purpose  of  studying 

and  investigating  the  public  health  laws  and  policies  of  the  Commonwealth 
Mass.  House  Document  #1200,  1936 

Progress  Eeport  on  State  Planning  for  Massachusetts 
Mass.  State  Planning  Board  -  1936 

Ee'solve  providing  ft»r  an  investigation  by  a  special  unpaid  commission 
relative  to  protecting  the  purity  of  (all)  interstate  waters  used 
for  drinking  purposes. 

Chap.  51  Acts  of  1937  Mass.  Legislature 
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New  Hampshire  Sources; 

Biennial  Reports  of  the  N.  H.  State  Board  of  Health 

Annual  Reports  of  the  N.  H.  Public  Service  Commission 

Biennial  Reports  of  the  N.  H.  Forestry  Commission 

New  Hampshire  Power.   N.  H.  Power  Survey  Commission  -  1926 

Report  upon  sanitary  condition  of  Ammonoosuc  River  above  Bethlehem  and 
probable  cost  of  sewage  treatment  required 
Metcalf  &  Eddy,  Engineers  -  Dec.  27,  1932 

Report  upon  Five  Storage  Reservoir  Pro^iects  in  the  State  of  N.  H. 
H.  K.  Barrows,  Consulting  Engineer,  Nov.  20,  1933 

Conservation  of  Waters  in  New  Hampshire 

Metcalf  &  Eddy,  Engineers  -  Jan.  29,  1934 

Report  upon  Storage  and  Power  Projects  in  the  State  of  N.  H. 
H.  K.  Barrows,  Consulting  Engineer  -  Mar.  30,  1934 

Power  Storage  Projects  in  New  Hampshire 

H.  K.  Barrows,  Consulting  Engineer  -  Sept.  20,  1933 

Report  upon  Power-Stora^-e  Regulation  of  Flow  -  Connecticut  River  - 
Easterly  Tributary  Streams  in  New  Hampshire 
H.  K.  Barrows,  Conaulting  Engineers.  Sept.  12,  1933 

Water  Bodies  in  New  Hampshire 

N.  H.  State  Planning  Board  -  1934 

State  Planning  in  New  Hfi-m-oshire 

Report  of  the  N.  H.  State  Planning  Board  -  1935 

Biennial  Report  of  the  N.  H.  Water  Resources  Board  1935-1936 

Report  on  the  1936  Flood 

N.  K.  Flood  Reconstniction  Council,  April  25,  1936 

New  Hampshire 

First  Biennial  Report  of  thp  N.  H.  State  Plannin,^;  &  Development 
Commission  1936-1937 
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Vermont  Sources; 

Biennial  Reports  of  the  Vermont  Dept.  of  Putlic  Health 
Biennial  Reports  of  the  Vermont  Public  Service  CoirjiiiDsion 
Biennial  Pejjorts  of  the  '"'ermont  Commissioner  of  Forestry- 
Special  Seport  of  Vermont  "Vater  Resources  Commission  -  1921 
Industrial  Survey  of  Vt.   New  England  Power  Association  -  1930 

Advisory  Committee  of  Engineers  on  Flood  Control  -  State  of  Vermont 
Report  of  H.  K.  Barrows,  Consulting  Engineer  -  Dec.  15,  1928 
Final  Reoort  of  K.  K.  Barrows,  Consulting  Engineer  -  Dec.  15,  1930 

Reports  of  Advisory  Committee  of  Engineers  on  Flood  Control 
Vermont  Riblic  Service  Commission  -  1928  and  1930 

Graphic  Survey  -  A  First  Step  in  State  Planning  for  Vermont 
Vermont  State  Planning  Board  -  1935 

State  Planning  -  Vermont.   Vermont  State  Planning  Board  -  1936 
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SOimCES  OF  II^^OBMATION 

Hour,atonic.-Hudson  Basins 

"308"  Reports  of  the  Army  Engineers: 

Eeport  on  the  Honsatonic  Eiver 

72nd  Congress,  1st  Session,  House  Document  #245,  1932 

Eeport  on  Kinderhook  Creek 

71st  Congress,  3rd  Session,  House  Document  #653,  1930 

Eeport  on  the  Hoosic  Eiver 

71st  Congress,  3rd  Session,  House  Document  #684,  1930 

Eeport'  on  Batten  Kill 

71st  Congress,  3rd  Session,  House  Document  #635,  1930 

Surface  Waters  of  Vermont 

U.  S.  G.  S.  Water  Supply  Paper  #424,  1917  -  C.  H.  Pierce 

O-round  Water  in  Connecticut 

Certain  areas  in  the  Housatonic-Coastal  area  covered  in 

U.  S.  G.  S.  Water  Supply  Papers:  #470,  1920  -  #466,  1921  - 

#537,  1925  -  #540,  1928  -  #597-B,  1929. 

Connecticut  Sources; 

Annual  Eeport s  of  the  Conn.  State  Dept.  of  Health 

Health  Bulletins 

Conn.  State  Dept.  of  Health 

Biennial  Reports  of  the  Conn.  State  Water  Commission 

Biennial  Eeports  of  the  Conn.  State  Park  and  Forest  Commission 

Eeport  of  the  Comm.ission  to  Investigate  the  Pollution  of  Streams  to  the 
General  Assembly  -  January  Session  1923 

Report  on  Water  Eesources  of  Connecticut 
Connecticut  State  Water  Commission 

Watershed  Pollution  Study 

Conn.  State  Planning  Board,  1934 

Compendium  of  Studies  and  Maps 

Conn.  State  Planning  Board  -  January  1,  1937 

Massachusetts  Sources: 

Annual  Eeports  of  the  Mass.  Dept.  of  Public  Health 

Annual  Eeports  of  the  Mass.  Dept.  of  Public  Utilities 
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Annual  Reports  of  the  Mass.  Dept.  of  Conservation 

Annual  Reports  of  the  Mass.  Metropolitan  District  Commission 

Annual  Reports  of  the  Macs.  Metropolitan  District  Water  Suoply  Commission 

Report  of  the  Commission  on  Waterways  and  Public  Lands  on  the  Water 
Resources  of  the  Commonwealth  of  Massachiisetts 
Senate  #289,  1918 

Report  of  the  State  Department  of  Public  Health  and  the  Metropolitan  District 
Commission  upon  the  water  supply  needs  and  resources  of  the  Comirionwealth 
House  #1550^1922 

Report  of  the  Associated  Industries  of  Mass.  of  its  Power  Investigating 
Committee  -  1924 

Report  of  the  Dept.  of  Public  Works  relative  to  protection  against  floods 
in  the  Connecticut  and  Hoosic  rivers 
Mass.  Document  #111,  1929  (House) 

Mass.  Water  Supoly  Statistics 

From  1930  Annual  Report  of  the  Dept.  of  Public  Health 

Report  of  the  Special  Commission  directed  to  study  the  use  of  certain 
lands  and  waters  in  the  Commonwealth  for  recreational  purposes 

House  #1300,  1934 

The  Decennial  Census  of  1935  (Mass.) 

High  Water  Data  -  Flood  of  March  1936  in  Mass. 
Mass.  Geodetic  Survey  (WPA) 

Report  of  the  Special  Commission  established  for  the  purpose  of  studying 

and  investigating  the  public  health  laws  and  iDol.icies  of  the  Commonwealth 
Mass.  House  #1200,  1936 

Progress  Report  on  State  Planning  for  Mass. 
Mass.  State  Planning  Board,  1936 

Sources  of  Pollution,  Housatonic  River  Valley 
WPA  1936 

Sources  of  Pollution  -  Hoosic  River  Valley 
WPA  1936 

Special  Report  of  the  Department  of  Public  Health  relative  to  the  sanitary 
conditions  of  the  Blackstone,  Hoosick,  Housatonic,  and  Nashua  rivers 
within  the  limits  of  the  Commonwealth  ' 

Mass.  Senate  #50,  1937 
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Vermont  Sources; 

Biennial  Reports  of  the  Vermont  Deut.  of  Public  Health 

Biennial  Reports  of  the  Vermont  Public  Service  Commission 

Biennial  Reports  of  the  Vermont  Commissioner  of  Forestry 

Special  Report  of  Vermont  TUater  Resources  Commission  -  1921 

Industrial  Survey  of  Vermont 

New  England  Power  Association  -  1930 

Advisory  Committee  of  'Engineers  on  Flood  Control  for  the  State  of  Vermont 
Report  of  H.  K.  Barrows,  Consulting  Engineer  -  Dec.  15,  1928 

Final  Eeport  of  H.  K.  Barro'.Ts,  Consulting  Engineer  -  Dec.  15,  1930 

Reports  of  Advisory  Committee  of  Engineers  on  Flood  Control 
Vermont  Public  Service  Commission  -  1928  and  1930 

Graphic  Survey  —  A  First  Step  in  State  Planning  for  Vermont 
Vermont  State  Planning  Board  -  1935 

State  Planning  -  Vermont 

Vermont  State  Planning  Board  -  1936 
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SOORCBS  QF^   IHFOBMATIOI 
St.  La^rpncff  Tributaries 

"308"  Eeports  of  the  Chief  of  Engineers,  U.  S.  Army; 

Report  on  the  Missisquoi  River 

71st  Congress,  2d  Session,  House  Document  #496,  1930 

Report  on  the  Lamoille  River 

72nd  Congress,  1st  Session,  House  Document  #145,  1931 

Report  on  the  Winooski  River 

71st  Congress,  3d  Session,  House  Document  #785,  1931 

Report'  on  the  Otter  Creek 

72d  Congress,  1st  Session,  House  Document  #144,  1932 

Surface  Water  Supply  of  the  United  States 
Part  ly,  St.  Lawrence  River  Basin 
U.  S.  Geological  Survey  Water  Supply  Papers  (issued  annually) 

S-arface  Waters  of  Vermont 

U.  S.  G.  S.  Water  Supply  Paper  #424,  1917  -  C.  H.  Pierce 

Biennial  Reports  of  the  Vermont  Department  of  Public  Health 

Biennial  Reports  of  the  Vermont  Public  Service  Commission 

Biennial  Reports  of  the  Vermont  Commissioner  of  Forestry 

Special  Report  of  Vermont  Water  Resources  Commission,  1921 

Industrial  Survey  of  Vermont 

New  England  Power  Association,  1930 

Advisory  Committee  of  Engineers  on  Flood  Control  -  State  of  Vermont 
Report  of  H.  K.  Barrows,  Consulting  Engineer,  Dec.  15,  1928 

Final  Report  of  H.  K.  Barrows,  Consulting  Engineer,  Dec.  15,  1930 

Reports  of  Advisory  Comirdttee  of  Engineers  on  Flood  Control 
Vermont  Public  Service  Commission  -  1928  and  1930 

Graphic  Survey  -  A  First  Step  in  State  Planning  for  Vermont 
Vermont  State  Planning  Board  -  1935 

State  Planning  -  Vermont 

Vermont  State  Planning  Board  -  1936 
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